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EDITORIAL NOTE 


THE DIRECTLY-USEFUL TECHNICAL SERIES requires a few 
words by way of introduction. Technical books of the past 
have arranged themselves largely under two sections: the 
Theoretical and the Practical. Theoretical books have been 
written more for the training of college students than for the 
supply of information to men in practice, and have been greatly 
filled with descriptions of an academic character. Practical 
books have often sought the other extreme, omitting the scientific 
basis upon which all good practice is built, whether discernible 
or not. The present series is intended to occupy a midway 
position. The information, the investigations, and the problems 
are to be of a directly-useful character, but must at the same 
time be wedded to that proper amount of scientific explanation 
which alone will satisfy the inquiring mind, We shall thus 
appeal to all technical people throughout the land, either students 
or those in actual practice. 
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AUTHOR’S PREFACE 


THE science of Aeroplane Performance Calculations has become 
extremely important with the rapid advance of Aeronautics and 
has been developed to a very high degree. The Author has 
experienced considerable difficulty, however, in finding any 
detailed literature on the subject, and it is for this reason that 
he has written this book in the hope that Aeronautical Engi- 
neers and Designers will find it useful in supplying their special 
need for a practical and up-to-date handbook. As Designers 
will be aware, the restricted information published up to the 
present time has scarcely touched the fringe of the subject, and 
it is hoped that the readers of this book will find it to be a 
comprehensive and efficient instrument for saving time, since 
Aeroplane Performance Calculations can be very laborious if a 
clear and systematic method is not used. | 

The Author has given a considerable amount of thought and 
attention to the arrangement of the subject matter, and has 
divided it into three parts, namely :— 


Part I, Descriptive and Theoretical. 
Part II. Practical Procedure. 
Part III. Illustrative Examples. 


The Aeronautical Engineer, using the volume as a handbook 
in his office, will find Part II. of greatest service to him, and for 
this reason all the formule, data, and curves required are col- 
lected in this part, which, being in the middle, is easier to keep 
lying open on the desk whilst in use than the end sections 
would be. This centre part also contains directions for use of 
formulz, and forms of tables for use in calculating—a feature 
which will be found a great time-saver. 
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In case any process given in Part II. is difficult to follow, 
reference should be made to Part III., which consists of numerical 
examples worked out at length. Doubt as to the validity of 
any formula in Part II. can readily be dispersed by reference 
to Part I., which contains the mathematical proofs. 

Students, however, would be better advised to study Part I. 
very carefully, before using other sections, in order to obtain a 
clear idea of the theory upon which the later work is based. 

_ The last chapter of the book contains complete performance 
calculations for one machine; this shows the application of the 
methods better than do individual examples, and, moreover, gives 
an idea of the amount of work usually involved in a complete 
set of calculations. It also indicates the order in which these 
calculations generally have to be taken in practice. 

As far as is feasible and reasonable the technical terms and 
symbols laid down by the Royal Aeronautical Society in their 
Glossary have been employed. An exception is the use of the 
term ‘‘propeller” instead of ‘‘airscrew,’ following the lead of 
Mr. H. C. Watts. Other exceptions are chiefly due to the fact 
that the Glossary does not cover nearly all the ground of the 
present book. 

Acknowledgments are due to Messrs. Harold Bolas, H. C. 
Watts, and G,. E. Petty for permission to make use of their work ; 
as for the numerous test results, of which use has been made, 
these form part of the great debt owed by the Aeronautical 
Engineer to the National Physical Laboratory. The Author 
also wishes to take this opportunity of tendering his grateful 
thanks to Mr. G, E. Petty for the invaluable assistance he has 
given by verifying the whole of the mathematical and numerical 
work. 

It is hoped that few errors exist in the book, but an indica- 
tion of necessary corrections or suggestions for improvement in 
any future edition would be welcomed. 


HARRIS BOOTH. 


LONDON, March, 1921. 
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LIST: OF SYMBOLS USED IN PART II 


THE following symbols occur frequently in Part II. and are then a/ways used 
with the meanings given below. When used in Part I., however, they have 
not invariably the meanings here given: such cases, however, are clear from 
the context. 

Other symbols used 1 in Part II. are not always of invariable meaning, but 
they are defined as they occur and no trouble should result. 


Lift 
nt. Das 
3. . Horse-power required for horizontal flight. 
PY 3: ; . Ditto at an altitude. 
Be | ; . Whichever is the less of Py and Pg. 
Pa. : . Whichever is the less of P,’ and P,’. 
ex,” ; . Propeller horse-power at full revolutions. 
Pos. ; . Ditto at an altitude. 
Pr . ; . Propeller horse-power with throttle full open. 
| ie : . Ditto at an altitude. 
ee . Body resistance in pounds at 100 m.p.h, 
i ee 5 . Part of R in slip-stream. 
Ra. : . Part of R outside slip-stream. 
S é : . Wing area in square feet. 
pitt, 3 , . Part of S in slip-stream. 
re 3 . Speed in m.p.h. 
eee ; . Ditto at an altitude. 
| aa . Total weight of machine in pounds: it is the same as W, 
except in cruising calculations. 
‘ae ; . Starting total weight of machine in pounds. 
ad ‘ ; . Propeller diameter in inches. 
Re ‘ . Centre of pressure coefficient. 
a ; . Lift coefficient. 
Ri max. ; . Maximum value of £,. 
p ; : « ‘161 for stationary engines and 262 for ates engines. 
g ; e . ‘839 for stationary engines and ‘738 for rotary engines. 
r ° > ’ Ay lky max. 
o ; 3 . Density of air relative to standard. 
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CHAPTER I. 
BODY RESISTANCE. 


General.— The total body resistance of a machine can be briefly 
defined as the force resisting the passage through the air of the 
complete machine with the exception of the main planes and the 
propeller. 

This total body resistance is made up of terms due to various 
parts of the machine, all of which will be investigated in detail 
presently. Each of these’ terms is affected in value by the 
relative speed of travel through the air (generally referred to 
briefly as the “‘ speed”) and by the direction in which the relative 
air stream meets that particular part of the machine to which the 
term in question refers. 

It may be stated at once as a general Sioroximation that the 
resistance of any part of the machine, other things being equal, 
is proportional to the area in front view multiplied by the square 
of the speed. This is known as “‘the V? Law”. There are, 
however, a number of corrections of various degrees of import- 
ance to be applied to this statement and we will now pass toa 
consideration of them. 

Correction for Dimension Effect.—Extensive and prolonged 
researches carried out at the National Physical Laboratory have 
satisfactorily established that as long as we are considering 
objects of exactly the same shape (though not necessarily of the 
same size), and as long as the air stream meets these bodies in 
identical relative directions, the resistance, z.e. the component of 
the air reaction in the direction of the air stream, can be ex- 
pressed accurately by the equation— 


resistance = K?V?, 
where / is a linear dimension of the body, V is the speed and K 
is a function of the product /V.* 


* Variations in the viscosity of the air are neglected in this statement of the 
law, as they are unimportant for our purpose. 
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Further, it has been established that the function of 7V 
referred to consists of the sum of a constant and terms whose 
importance is relatively small. If we neglect these terms entirely 
we have the V* law, which, as has been stated above, is a general 
approximation to the facts. 

It is necessary, however, to consider more closely the 
quantity K. As has been stated, K is a function of 7V and can 
therefore be plotted on /V as a base if enough experiments are 
available. This has been done for a great variety of objects of 
different kinds and the following results have been obtained :— 

(1) For bodies of the high resistance class, such as round 
wires and cables, K may be taken as practically constant from 
the values of 7V attained in wind tunnel tests up to the values 
of 7V corresponding to machines in flight, so that we may use 
the formula— 


resistance = (a constant) x /V’, 


(2) For bodies of the friction class, such as well stream-lined 
fuselages, K decreases as /V increases over the above range to 
such an extent that the best approximation for the resistance is 
found to be the formula— 


resistance = (a constant) x (/V)*®, 


(3) We may safely assume that bodies of an intermediate 
class, such as stream-lined struts, can be dealt with by a formula 
of an intermediate type. 

We will now consider Case (2) in some detail. Suppose that 
we have to find the resistance of the hull of a flying boat which 
is anticipated to have minimum and maximum flying speeds of 
roughly 40 and 120 miles per hour respectively, and that we 
have to work from a wind tunnel test on a model made to a 
linear scale of 35 full size, carried out at a wind speed of 27 miles 
per hour—conditions that are quite usual. 

Let L be the value of / for the case of the actual hull, and 
let X be the constant in the equation of Case (2) above, then 


Vv? ALY? 
resistance = A(/V)I* = “vy® = ia)” 
L 


ZV\ ‘15 j < 
The values of oO are readily found by logarithms in given 


numerical cases, so that we can obtain the following table :— 


BODY RESISTANCE 


Error in applying 
Error in applying | the square law 
c l V IV\"> | the square law from the actual 
ase. T : TL) *| from the model resistance of the 
test. full-sized body at © 
roo m.p.h, 
Model as 27 1082 _ o— 
Machine 
at 40 m.p.h. I 40 1°739 + 61 per cent — 13 per cent 
Machine 
at 100 m.p.h. I roo 1°995 + 84 per cent o 
Machine 
at 120 m.p.h. I 120 2°050 +- 89 per cent + 3 per cent 


A consideration of this table leads us to adopt the following 
working rule for Case (2): Work out the actual full scale re- 
sistance at 100 miles per hour, and for other speeds, take the 
V? law, working from the value so obtained. This certainly 
introduces errors, but these are quite small for high speeds, 
while for low speeds, as will be evident at a later stage, resist- 
ance errors do not affect the performance of a machine at all 
seriously. , 

Passing now to the consideration of Case (3) and taking a 
stream-lined strut as an example, say a strut 24 inches wide 
in the direction transverse to the wind on a machine doing 
120 miles per hour, we shall have to work from a wind tunnel 
test on a strut of similar shape but only 1 inch wide and tested 
at a speed of 27 miles per hour. 

Then if we make the quite reasonable assumption that in 
this case 

resistance = A(/V)!° 


where X is a constant, we get 
rALV? 


resistance = L(y 


and we can obtain the following table :— 
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l IV\" | Error in applying the square 
Case. A; e (Z) "| law from the model test. 
Model . ‘ : ‘ "4 27 1'269 — 
Machine at 120 m.p.h. . I 120 1614 + 27 per cent 


In this case it is therefore usual to work on the square law 
direct from the model test, particularly as the error is on the safe 
side and only affects a moderate proportion of the total body 
resistance of the machine; moreover, the example analysed above 
is rather an extreme case. ; 

To sum up the influence of Dimension Effect on body re- 
sistance, we may say that the square law can be used direct from 
model tests except for bodies coming within Case (2), namely, 
Fuselages, Flying Boat Hulls, Floats (if they have long fine tails, 
not blunt sterns), and Engine Nacelles (if they are designed on 
fine lines): in the case of these bodies, however, the square law 
is to be used from the actual full scale resistance at 100 miles 
per hour, which must first be found. 

Correction for Angle of Attack.—Any part of the machine 
which is subject to air resistance is, of course, designed to have 
as small a resistance as practicable when it is head on to the 
wind. Many parts of a machine, however, are not always so 
placed, but are either placed permanently at an angle to the wind 
direction or else take up an angle to the wind when the attitude 
of the machine changes in flight. We will now consider these. 

Fuselages, Hulls, Floats, and Similar Bodies—The designer 
usually aims as far as possible at getting these placed so that 
they are head on to the wind when the machine is at top speed 
(except in the case of commercial machines, when he will of 
course work to the cruising speed instead), thus he makes their 
resistance a minimum under the conditions which are most im- 
portant for practical reasons. When, however, the machine is 
flying more slowly and is consequently in a “ tail down” attitude 
the resistance of such bodies as these is undoubtedly increased. 
This increase in resistance is accompanied by the introduction of 
a lifting force from the air, which tends to compensate for the 
loss of power due to increased resistance, at least in its influence 
on the rate of climb attainable. Partly because of this tendency 
to compensation and partly because the performance calculations 
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would otherwise assume an unmanageable complexity, it is 
customary to neglect the angle of attack effect in the case of 
these bodies. 

Horizontal and Inclined Sivsanbdinel Bodies such as Fatred 
Axles and Stream-line Wires.—The same can be said of these as 
of those considered above: no correction for angle of attack is 
attempted. 

Incidence Wires.—The obliquity in this case is allowed for 
simply by measuring their length on a front view drawing of the 
machine instead of taking their true length from a side view 
drawing. 

Control Cables which are not Approximately Transverse to the 
Wind.—Cases of this occur in the control cables from the fuselage 
to the king-levers on the tail unit, in the cables from the front 
spar to the aileron king-levers, and in the cables from all these 
king-levers back on to the control surfaces themselves. Again, 
the lengths should be scaled from the front view drawing of the 
machine. 

To sum up the influence of angle of attack or obliquity, it is 
not customary to bother about it at all except that certain 
wire lengths are scaled from the front view drawing. It must 
be admitted that this attitude is adopted not only because 
such obliquity has no great bearing on the performance of the 
machine but also because the performance calculations would 
become impossibly long if all these minor points were punctiliously 
dealt with. 

Correction for Shielding.—When two similar objects are 
placed exactly one behind the other, the front one obviously 
disturbs the wind flow in such a way that the back one is sub- 
jected to a wind of less effective velocity. Therefore we might 
expect to find that the total resistance of the combination of two 
objects so placed is less than double the resistance of either con- 
sidered separately. This expectation is confirmed by experi- 
ments made at the National Physical Laboratory, from which the 
corrections plotted in the lower curve, on page 81, have been 
deduced. These curves give the corrections to be applied in the 
case of two cables or two stream-line wires placed one behind 
the other, according to the fore and aft distance between centres 
in terms of the fore and aft dimension of either wire. These 
corrections are applicable to the case of double flying wires but 
not to the case of front and rear gap struts, since these are too 
widely separated for shielding to be effective. | 
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It should be noted in this connection, however, that if one of 
the wires is vibrating the shielding effect will obviously disappear, 
or may even be replaced to some extent by something of the 
nature of interference. Again, the effect of angle of attack in the 
case of double flying wires will be to bring the back wire partially 
into view and so reduce shielding. For this reason the majority 
of designers reject this correction entirely and reckon the resist- 
ance of each of the two wires at full value, and on the whole this 
practice is to be recommended. 

Correction for Interference.—It may be that two stream- 
line struts are placed side by side at a small interval. This case 
is most likely to occur at the junction of a folding wing with the 
stationary centre section. It is usual to design these two 
struts in such a way that they form a complete stream-line shape, 
either by virtue of their own shape or by the shape of their 
fairings. When this is done the resistance of the combination 
can of course be obtained at once by treating it as a single stream- 
line strut. 

When, however, the designer has adopted two separate stream- 
line struts side by side, further consideration is necessary. It 
appears likely on the face of it that when the struts are so close 
that the clear interval between them is not large in comparison 
to the width of either strut, the air would have less freedom of 
passage than when the struts are far apart, and consequently we 
might expect the resistance of the combination to exceed the 
sum of the resistances of the two struts considered separately. 
This expectation is confirmed by experiments made at the 
National Physical Laboratory, from which the upper curve of 
p. 81 has been prepared. This curve gives the correction to be 
applied for various values of the distance between the centres of 
the struts, in relation to the width of either. If the struts are of 
unequal widths, the mean of the two widths should be taken. 

Numerical Values.—As has been explained above, the square 
law can be applied direct from the model test in the case of the 
blunter shapes, but it should be applied from the full scale 
resistance at 100 miles per hour in the case of those shapes which 
have really fine lines. 

The best plan, therefore, is to find the full scale resistances at 
100 miles per hour for a// the objects that contribute to the total 
body resistance. Then by adding up we obtain a single term 
for the total full scale body resistance at this speed: from this 
we can work conveniently on the square law for all other speeds 
of the machine with which we are concerned. 
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Large Bodies.—In order to avoid the tedious process of 
finding the full scale resistance at 100 miles per hour from the 
nearest available model test in each case, formule based on 
average cases are given on page 78, and will be found to give 
sufficiently close approximation in practice. In working out 
the numerical values the speed has been taken as 100 miles per 
hour and a reasonable average size has been chosen. 

It will be noted that cockpits and wind screens are not 
included in these formule. It is best to consider the resistances 
of these independently of that of the body proper. In finding 
the resistance of a fuselage or other body therefore, the shape to 
take is the shape the body would have if no wind screens had been 
fitted and no cockpits cut tn it. 

Cockpits.— Owing presumably to the swirling of air round 
the edges, a cockpit has a very high resistance. For this reason 
it is deemed best to estimate its resistance separately from the 
fuselage in which it is cut. A formula for cockpit resistance is 
given on page 82. In the case of tandem cockpits it is very 
doubtful if any effective shielding takes place, and it is therefore 
advisable to take all cockpits at full value for resistance. When 
a cockpit is fitted with a wind screen, the resistance of the latter 
is, of course, an addition. Cockpits which are entirely enclosed 
do not, of course, come under this heading, but have to be treated 
as modifications of the fuselage shape. 

Tail Surfaces.—The rudder and fin present no difficulty 
as they can simply be estimated as proportional to their area. 
A numerical figure is given on page 78. The tail plane, 
however, is often so set that even at top speed the elevators are 
at an angle to the fixed portion of the tail plane: moreover, the 
relative air stream meeting the tail is seldom inclined downwards 
at just the angle which will give zero angle of incidence to the 
tail plane. For these reasons the numerical figure given on page 
78 is higher than that given for the rudder and fin. Again the 
resistance is proportional to the area. 

Struts, Stream-line Wires, and Cables.—In each case the 
resistance is proportional to the frontal area, which is most easily 
computed by measurements of length on a front view drawing of 
the machine coupled with reference to a schedule for the dia- 
meters. Numerical values are given on pages 80 and 82. A 
number of strut sections are given in order that a numerical 
value may be chosen which corresponds to a strut section closely 
approximating to the one used on the machine. King-levers and 
other such small parts built to stream-line strut section should 
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have their frontal areas measured and should be treated as 
struts. 

Wheels.— Figures for the resistance of a wheel with different 
types of fairing are given on page 82, and in this case it is con- 
venient to take the resistance as proportional to the product of 
the diameter and the tyre diameter. 

Radiators.—When the machine is flying at top speed the 
radiator shutters are usually nearly closed if not quite shut. For 
this reason the figure given on page 83 for a radiator mounted 
outside the fuselage is the flat plate figure, while a compromise 
figure is given for the case of a nose radiator. When a retract- 
able radiator is used, it will only have about half its area exposed 
at top speed, hence a lower figure (if reckoned on the total 
radiator area) is given for this case on page 83 

Flat Plates.—A number of minor parts of a machine ap- 
proximate to being flat plates normal to the wind: for instance, 
wind screens, tail skids and parts of fittings. The frontal area 
of these should be added up throughout the machine and multi- 
plied by the coefficient given on page 83. 

Circular Cylinders.— Under this heading are included pro- 
jecting heads of engine cylinders, any unfaired wheel axles, etc. 
The frontal area should be added up for the whole machine and 
the coefficient given on page 83 used. 

Miscellaneous.—Any parts of the machine subject to air re- 
sistance which remain to be dealt with must be carefully con- 
sidered and estimated on the basis of their frontal area. Most 
designers prefer to estimate these at the “flat plate” figure, 
perhaps taking a somewhat reduced area in dealing with such 
items as look to be not very bad from the resistance point of view. 

A word may be put in here about wire attachments. These 
are so numerous that it is best not to deal with them under this 
head, and for that reason the fork ends of stream-line wires and 
the splices and wire strainers used on cables are allowed for by 
adding a constant to the length of each wire, as is explained on 
p. 82. 

Total Body Resistance.—When all the items of the body 
resistance have been found as described above, they must be 
added, and the sum is R, the total body resistance of the 
machine at 100 miles per hour. It is convenient, however, to 
note the parts of R corresponding to bodies in and not in the 
propeller slip stream. 

Let R, be the part corresponding to bodies in the slip stream 


BODY RESISTANCE II 


and R, the part corresponding to bodies which are clear of it.* 
Let V be the velocity of the machine in miles per hour and let 
6V be the velocity in miles per hour added to the air by the 
propeller,'so that the relative air velocity in the slip stream is 
(1 + 6)V miles per hour. 

Then when the machine is flying under power in air of 
standard density— 


V 2 
total body resistance = [R,(1 + 6)? + RiK—) 


while, if the machine is gliding, so that 6 = 0, we get 


( V 2 V 2 
total body resistance = [R, + R(—) = R(—) 

Total Body Resistance at an Altitude.—At an altitude the 
density of the air is less than that at ground level. The ratio of 
the density of the air at an altitude to the standard air density 
(which differs slightly from that at ground level) is denoted by 
o and the variation of o with altitude is shown in the curve 
plotted on page 104. 

This reduction of density has an effect on the air resistance 
of any body which is such that the resistance is reduced directly 
in the ratio of the densities. 

We therefore have for a machine flying under power at an 
altitude— 


V 2 
total body resistance = of R,(1 + 0)? + Rs) 


and for a machine gliding at an altitude— 


| ¥\ 
total body resistance = oR(—-) , 

Line of Action of Body Resistance.—The height of the line 
of action of the body resistance is required in order to enable 
certain refinements to be included in the machine performance 
calculation if necessary. This line of action is the line of action 
of the resultant of the numerous parallel forces which together 
make up the body resistance. The ordinary method of taking 
moments which is used for finding the resultant of a set of 
parallel forces is therefore applicable. 


* Bodies in front of a propeller are approximately clear of the slip stream. 
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The procedure is therefore as follows :— 

First, note the resistances of the various items in the total 
body resistance,* and then the vertical distance of the line of 
action of each item from some convenient datum (such as the top 
longeron of the fuselage), using positive signs for items which 
are above and negative signs for items which are below the 
datum. : 

Then multiply each item of resistance by its appropriate 
vertical distance and form the algebraic sum of the resulting 
quantities. 

Finally, divide this sum by the sum of the items of resistance 
(z.e. by R) and the result is the vertical distance of the required 
line of action above the chosen datum. 


* For this calculation there is no need to deal with R, and R, separately: it is 
near enough to treat all the items on the same basis. 
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CHAPTER II. 
WING CHARACTERISTICS. 


General.—The properties of the wing with which we are chiefly 
concerned in performance calculations are k,, the absolute lift 
coefficient, L/D, the ratio of the lift coefficient to the drag co- 
efficient, and £,, the centre of pressure coefficient. * 

The original practice among designers was to note the values 
of these quantities at a series of angles of incidence. This 
practice, however, is unsatisfactory, as it does not lend itself to 
the application to a model test of the corrections for aspect ratio, 
gap/chord, stagger, wing tip shape, and dimensions, which have 
to be applied to the test results on a model before they can be 
used in calculating the performance of an actual aeroplane. 

The procedure here employed is to define a quantity X as 
kh, ky max the ratio of the lift coefficient to the maximum value 
of the lift coefficient (ze. to the lift coefficient at the stalling 
angle). A series of values of \ is then taken, ‘I, ‘2... ‘9, 1'0, 
and &,, and the corrected value of L/D is noted for each, while 
the corrected value of £&, ma, is also noted (the last, in conjunction 
with i, gives %,, of course). 

This procedure enjoys the advantage of lending itself satis- 
factorily to the application of the necessary correcting process: 
the reason is that the available tests on wing tip shape, for 
instance, were done on a certain wing section, which wing 
section has a certain range of lifting angles of attack and a 
certain range of #,: when, therefore, an attempt is made to 
estimate on an angle of attack basis, with the help of these tests, 
the wing tip corrections for a wing section which perhaps has a 
longer range of lifting angles and a higher £,,,,,, no result can 
be obtained : correspondingly, failure will result from an attempt 
to estimate on a #, basis. When, however, the value of X is 
taken as the basis of estimating, no such difficulties arise, since 
the wing and all the models made use of in the process have 
values of X from oO to I. 


* The angle of incidence comes into performance calculations only in connection 
with certain corrections for the action of the propeller slip stream on the wings. 
These will be dealt with later. 
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Method of Correcting.— Considering, for instance, the cor- 
rection for rounded wing tips, the procedure is as follows :—tests 
carried out at the National Physical Laboratory on the effect of 
rounding off various lengths of wing tip are available. A glance 
at these tests shows that, broadly speaking, the rounding has a 
favourable effect both on the values of &, and L/D. From the 
published figures it is possible by cross plotting to obtain a series 
of curves, one for each of a set of values of \, giving, on a base 
of the span of the rounded tip divided by the chord, the value of 
L/D divided by that for the standard case of zero rounding (ze. 
square tips). This has been done and the resulting curves (and 
a dotted curve for the &,,,¢, correction) are given on pages 92 
to 95. The method of applying the correction is to take the 
value of &, max for the standard case and multiply it by the correction 
given by the dotted curve, and to take the value of L/D for the 
standard case at a given value of \ and multiply it by the correction 
given by the appropriate curve, the curves in each case being 
read at a point corresponding to the number of chords rounded 
off at each wing tip, of course. The results obtained are the 
values corrected for wing tip shape. 

On pages 88 to 97 curves are given for finding all the 
necessary corrections. The various corrections are, of course, all 
to be multiplied together. | 

The weak point in the system is that corrections for, say, 
wing tip shape, obtained on a certain wing section, are not, 
strictly speaking, applicable to a different wing section. It is, 
however, impossible to get a more accurate prediction until all 
the standard corrections have been repeated on all standard 
wings—which would be a gigantic task. 

There is another but less serious weakness in the method, 
namely, the assumption that the errors can be dealt with separately 
and their combined effect found by multiplication. This, how- 
ever, is an accepted scientific principle of approximation, and 
there is no need to worry about it. The best defence, perhaps, 
of the complete procedure is that it gives close predictions of 
the performance of aeroplanes—which after all is all that is 
required. 

When a test on a model of the wing to be used is available, 
the model corresponding to the wing in aspect ratio, gap/chord 
stagger and wing tip shape, and differing from it only in size 
and in the fact that the channel test speed is below the flying 
speed of the machine, it is, of course, only necessary to apply 
the correction for dimensions. 
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The Question of Correcting £,.—The value of £, only comes 
into the performance calculations of an aeroplane in determining 
the difference between the lift of the wing and the weight of the 
machine due to the vertical component of load on the tail. In 
other words, %, is only used in evaluating a correction, hence 


corrections on &, are really of the nature of corrections on a 


correction, and can therefore be neglected. It follows that we 
can take the values of %, obtained on a standard test as being 
near enough for our purpose. 

The above sufficiently explains the principles on which to 
obtain the wing characteristics, that is to say, the value of &, nav 
corrected, the corrected values of L/D at each value of X from 
‘I to 1:0 and the uncorrected values of %, for these values of X. 

The employment of the wing characteristics in the machine 
performance calculation will appear in due course. ) 
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CHAPTER. TH, 
PROPELLER PERFORMANCE CURVES. 


General.— The work of Harold Bolas* has placed in the hands 
of the machine designer a ready means of estimating the per- 
formance of a propeller designed to meet given conditions. 
The curves of pages 100 and 101 are obtained from his formule. 
They are used as indicated in Chapter X., page 102, and give 
the propeller performance curves, ze. the plottings of P_,, the 
output horse-power at full zorgue, and P,, the output power at 
full revolutions, on a base of V, the speed of the machine, for 
standard density air with very little trouble. 

Before using Bolas’ curves, however, it is necessary to deter- 
mine a suitable diameter for the propeller. This is readily done 
with the aid of formulz due to H. C. Watts,+ which will be found 
in Chapter X., page 99. 

It remains for us to see how a propeller, already determined 
for conditions of standard density air, will behave at an altitude. 

Engine Power at an Altitude.— Definitions :— 

I is the indicated horse-power. 

H is the brake horse-power. 

F is the frictional horse-power lost in the engine. 

P.. is the effective horse-power at full torque. 

P., is the effective horse-power at full revolutions. 

QO is the zzdzcated torque. 

N is the revolutions per minute of the engine (whereas x is 
used for the revolutions per minute of the propeller which are 
proportional to those of the engine but not necessarily equal to 
them). 

T is the propeller thrust in pounds. 

V is the machine speed in miles per hour. 

All the above symbols refer to standard density air. Cor- 
responding symbols with dashes refer to an altitude where the 
relative air density is o. Corresponding symbols in italic 


* See C.I.M. No. 704 issued by the Air Board. 
+ See “ The Design of Screw Propellers for Aircraft,” published by Longmans, 
Green & Co. 
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character, refer to the condition where the engine is giving both 
its full torque and its full revolutions in standard density air— 
generally called simply “the design conditions ”’. 

The Constant Torque Curve at an Altitude.—Consider a point 
on the constant torque curve, z.e. the full torque curve, in standard 
density air, where the effective horse-power is P.,, the velocity V, 
and the revolutions N, and also a point on the full torque curve 
at the altitude. 

Let the point on the curve at the altitude be so related to 
the point on the curve for standard density air that 


ee 
V = WN . ‘ : d (1) 
Then it follows from propeller theory that 

> aga 
Bs = P, ° ‘ . ; (2) 
T’ v’\’ 

and 5S (5) ? ; ‘ : (3) 
P / Vy’ 

also of course ra Ty ha GAN 


Also the points we are considering are on the full torque 


curves, 
FR tag tse one CF ae oe 4S) 

and in addition it is generally known that the full indicated 

torque at an altitude is o times that for standard density air, 


.. O'= 40 ; x ; ren (3) 
Also we have IlI=H+F. : . : (7) 
and Pie Ae. \ : oe (8) 


Now assuming that the frictional loss is independent of. 
altitude and only varies as the revolutions,* we have— 


F | 
co aa WV ° : : . (9)) 
d Byori 

an N= yn : ° IOP 
N N 

also of course = = a (11) 
aN: IV 

and eh = = (12) 


*This assumption is justified by the fact that the rate of falling off of engine 
brake horse-power with altitude can be correctly predicted from it. 
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- oy) ) 
T’ v’ : 
i f vy from equation (3) 
P, es 
_ ou sent ae 
H’ f ti 
= 77 from equation (2) 
 -F 


= from equations (7) and (8). (13) 


1—F 
'N’ 
~ orl from equation (12) 


N 
= Se on! from equation (11) 


N 
= 7% from equation (10) 


N : 
= 7/ from equation (9). 


Using these last four equations in (13) we have— 


where 


‘N's 


(y) 


Q'N’ N’ 
On’ ~ Ww” 
~ ON N 
on! wh 
OQ’ 
= a 
27 _ F 
N’ ol -F 
= N° oF F from equations (5) and (6) 
V ol -F f 
=v: 7. from equation (1) 
Vv’ 
= AV 
o =P 


on) ee : ‘ ; : ry 
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F 
and yy (2) 
and Pel =p (g) 
v\? 
oly) =o 
V’ ie (V’) 
, KG 4 
Again, . = o(<) from equation (") 
(ay 
a 
ras) 2 
ot Ae Ege 1 Ace \c ee eee 8 9 


Equations (V’) and (P,,’) enable us to plot the full torque 
propeller curve at the altitude from the one for standard density 
air, with the aid of equations (c,), (f), and (g). The full torque 
at the altitude, corresponding to full throttle at the altitude, zs 
a times the full torque for standard density air. 

As for ~ and g, we may take p = ‘262 and g = ‘738 for 
rotary engines, and g = ‘161 and g = ‘839 for stationary engines. 

The Constant Revolutions Curve at an Altitude :— 

On this curve for P,’ on a base V’, the revolutions are she 
SJull revolutions for standard density air (unlike the case of the 
curve for P..’ on V’, where the torque is reduced at the altitude). 

Consider a point on the P,, V curve and one on the P,’, V’ 
curve, and let them be related by the equation— | 


Wise N’ 
¥o ON: 
Then as before we have— 
i O W\3 
T oy) 
ae ¥: a a ig 4 
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but N’ and N are equal, since they are each equal to J, 
WV ee Oe ; ; as eds 
oP, Ore oot 

Equations (V’) and P. 9 cates to qatenuade the P,’, V’ curve 
for any altitude from the P,, V curve. 

Note that values of V’ determined in this work will differ 
from those determined in the previous investigation of P..’. 

It will perhaps make for clarity of thought to remember that 
at an altitude, if the throttle is left full open, the P,’ curve will 
be developed. The range of this curve, however, at speeds 
higher than its intersection with the P,” curve, involve revolu- 
tions greater than /V; the engine should therefore be throttled 
at these speeds till the performance falls on to the P,’ curve in 
this region. 

The P,,” curve between the origin and the intersection span 
can never be developed: it is used, however, in later work con- 
nected with throttling, and that is the reason why we retain it. 
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CHAPTER IV. 
MACHINE PERFORMANCE CURVE. 


General.—The machine performance curve is a curve giving P, 
the effective horse-power required by the machine in order that 
horizontal flight may be maintained, plotted on V, the speed of 
flight in miles per hour as a base. 

In the first place, this curve is worked out for standard 
density air, but it can also be found for any given altitude, in 
which case it is a plotting of P’, the effective horse-power required 
for horizontal flight at that altitude, on a base of V’, the flying 
speed at that altitude. 

The machine performance curve can be applied directly to 
problems of top speed, landing speed, cruising economy, length 
of run to get off the ground, and in dealing with the rate of 
climb of the machine. 

In determining the machine performance curve the procedure 
consists essentially in first determining the speed for a given 
value of the lift coefficient and then obtaining P by the relation 
between P and the total resistance and velocity. 

There are, however, certain corrections to be taken account 
of which together make the problem one of a somewhat formid- 
able complexity. Fortunately it is possible to get over the 
difficulty by splitting up the problem into a series of methods 
of successive degrees of accuracy. The methods will be given 
separately hereunder, as it is not always necessary to use the 
more complex methods, and in that case easier ones can be 
used. 

The machine performance curve will now be worked out to 
various degrees of approximation, all the cases usually used 
being dealt with separately. 

First Method.—Assumptions.—Line of flight horizontal. 
Propeller thrust horizontal at all speeds of flight and passing 
through the centre of head resistance. Tail air load neglected. 
Slip stream neglected. 

Definitions : P and V have already been defined above. 

W is the total weight of the machine in pounds. 

T is the total resistance of the machine in pounds. 
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L is the lift of the wings in pounds. 
S is the wing area in square feet. 
R has been defined in Chapter I. 


L/D, &,, &, max, and X have been defined in Chapter II. 


Now on our assumptions— 
vt 
375 

Vie W 
T+ RG es 
L = :00237k,S(1°467V)’ 


P = 


L=W 
Ry, = NMR, max ; 
From equations (3), (4), and (5)— 
tr I ae 
~ *00237(1°467)" &,S 
I W 


"00237(1°467)” Ak max 


a 
Veale 


where a= 


I Ww _ 196W 
C0237(1°467) SA, seas % SA, maz 


R() % Sano 


.. from equation (2)— 


- Bi oae 

Da 0 
where = ne 
Io 


(1) 


(2) 


(3) 
(4) 
G) 


(V) 
(2) 


(T) 
(8) 


Equations (1), (V), (a), (T), and (8) are in such a form that a 
tabular method can be conveniently applied to them (see Chapter 


XL). 


The values of L/D and £,,,,, used above are of course the 


corrected values taken from the wing characteristic. 


The above equations having been solved tabularly, we have 
values of V and P for values of X from ‘I to 10: these values of 
V and P are the data required for plotting the performance curve 
for standard density air under the assumptions of the First 


Method. 
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Second Method.—Assumptions.—Line of flight horizontal. 
Propeller thrust horizontal at all speeds of flight and passing 
through the centre of head resistance. Slip stream neglected. 

Definitions —These are the same as in the First Method, but 
in addition :— 

Z is the horizontal distance in feet from the c.g. of the machine 
to the c.p. of the tail plane.* 


Cp. 


/’ is the horizontal distance in feet from the leading edge of 
the equivalent chord to the c.p. of the tail plane. 

c is the chord of the wing in feet. 

k, has been defined in Chapter II. 

The equivalent chord is of course the chord of the equivalent 
plane, which is an imaginary monoplane situated between the 
top and bottom planes of the actual biplane, but -55 of the gap 
from the lower plane: it has the property that for purposes of 
moments it can be considered to replace the actual biplane. 
Hence the line of action of L cuts the equivalent chord at a 
distance ck, from the leading edge (see figure). 

We now have on our present assumptions a set of equations 
very like those of the First Method, namely— 


VT 
P = 375 F é P ‘ (1) 


*It is sufficiently accurate for our purpose to assume that the c.p. of the tail 
plane is at the front tail plane spar. 
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vias Is 
T- RES) +p ere 
L = 002374,5(1'467V)’ . é oN rae 
W/ = Li’ - &,) ceca nedemee e M ae 
k, pias AA nat . (5) 


equation (4). being obtained by lane moments Moat the 
c.p. of the tail, neglecting the cosines of small obliquities (see 
figure). From equation (4) we obtain— , 


l 
l c Y 
LINO Fie ee 3 ~~ 6 =e (L/W) 
c re 
/ / 
where | YER (y) 
r 
and 6 = P (8) 
From equations (3), (5), and (L/W) we have— 
Vi = > ; 2 = 
00237(1 467)" &.S 
rs I WL/W 
~ °00237(1°467)” Xk, maxd 
aL/W 
_V= af 7 : ; . (V) 
h te I W 196W 
nee * " "00237(1 467) Siipien eee (@) 
V\" RaL/W 
R( 50) ~ 10,000 
‘. from equation (2)— 
BL/W WL/W 
T= x + Bi i) 9 Wee ; F ‘ - (T) 
R 
where B= =a ; (8) 


Equations (1), (L/W), (y), (6), (V), (a), (T), and (8) are in 
such a form that a tabular method can be conveniently applied 
to them (see Chapter X1.). 

The values of L/D and £,,,,, used above are, of course, the 
corrected values taken from the wing characteristic. 
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The above equations having been solved tabularly, we have 
values of V and P for values of X from ‘I to 1‘0: these values of 
V and P are the data required for plotting the performance curve 
for standard density air under the assumptions of the Second 
Method. 3 

Third Method.—Assumptions.—Line of flight horizontal. 
Propeller thrust horizontal at all speeds of flight and passing 
through the centre of head resistance. 

Definitions. —These are the same as in the Becahil Method, 
but in addition— 

R, and R, have the definitions given in Chapter I. 

S, as before, is the ¢ofa/ wing area in square feet. 

S’ is the area of wing affected by the slip stream. 

d is the propeller diameter in inches. 

(1 + 4)V is the total slip stream velocity in miles per hour. 

Seeing that after all the slip stream effect is only a correction, 
it follows that corrections on it will not have much influence on 
the main problem. It is therefore sufficiently accurate to take 
the parts of the machine which fall inside the propeller circle in 
front view as being subject to slip stream action, and the rest as 
being clear of it. This applies also to the wings: the total 
length of top and bottom leading edge falling within the propeller 
disc in front view is first measured, and then S’ is estimated as S 
multiplied by this length and divided by the total length of top 
and bottom leading edges for the whole machine. 

We now have, somewhat as before— 


VT 


aS 
= [(1 + 4R, + Ra) sie ae @) 
L = 002374,[S -S +(1 + YS ](1'467V¥ >. (3) 
rere cee ey hen re eme k ea) 
Rit Kero. ; : ; , BN OR 
: - a 2 
T= z (=)a4ervyoe+2y 2. 6) 


Equation (6) is taken from equation (8), Chapter VI. of ‘‘ The 
Design of Screw Propellers for Aircraft,” by H. C. Watts.* 
From equation (4) we obtain, as in the Second Method— 


* Published by Messrs. Longmans, Green & Co. 
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SA: 
L/W = eee se ; ea) 
where es : (y) 
daa § ae 225 oe eae eae a 
c 
Equation (6) may be written— 
a 2D Pe 6’ 
ji ao ; re tf 
where B=(1 + Op -t. 
Also equations (2) and (3) can be replaced by— 
T = (BR.+ By Ro ee (2’) 
si } : : Ca, ill 8 Be : 
and L = ‘0051%4,(S + BS’)V? . ; : Se 
By rearranging these three equations we have— 
Rs JL gee § (6”) 
= a a ; ; : : 
Pe gine R, +R L/V? ” 
ge. ee : : : : SEY 6: 
Yrs eo 33 of 1e L/D (2) 
L/V? = ‘00514,S + ‘0051%,S'B ; : : 38 


Substitute for B from equation (6”) in equations (2”) and (3”) 
and we obtain— 


sf 10R, T R, + Ry 2a 


V?—s«1°39a? V? t yo <i 


: 510k,S’ T 
and L/V* = 00514,S + 139d? VE 
These two equations can be written— 
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ee eS 
“V2 = ETE 
A eS 
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From these two equations we obtain— 
L/V? “Te lg |N* 


Oc + ‘L/D = acu a Se ad’ 


A (ae Oe ae rep ee 
- LyW{S rp) — 8 + ad 
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eID 
SOR NN ote et NE) WE a , 
* = + 0c (V) 
Also from the same two equations we obtain— 
a4 


q' 
aL/Do3 - 6L/D =L/V? = Ova +ax 


T 
. ga(a’'L/D - ¢d) = FL/D + ar 


RF 
Asis an x LID 
a , 
* 


FT aD ear 
| ~~ ED 
.*. from equation (1)— 


ee a’ 
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P= ——— — e ® e 
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Equations (L/W), (ry), (8), (a’), (4), (¢), (@’), (V), and (P) are 
-in such a form that a tabular method can be applied to them, 
though it does not work out so simply asin the cases of the First 
and Second Methods (see Chapter XI.). 

The values of L/D and &, 9, used above are, of course, the 
corrected values taken from the wing characteristic. 

The above equations having been solved tabularly, we have 
values of V and P for values of X from ‘I to 1’0: these values of 
V and P are the data required for plotting the performance curve 
for standard density air under the assumptions of the Third 
Method. The extension of this method to the case of multi- 
propeller machines presents no special difficulty. 
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Fourth Method.—Assumptions.—Line of flight horizontal. 
Propeller thrust horizontal at all speeds of flight. 

Definitions.—These are the same as in the Third Method, but 
in addition— 

h, is the height in feet of the centre line of the propeller shaft 
above the line of action of the body resistance. 

h, is the height in feet of the centre line of the propeller shaft 
above a point half way between the top and bottom leading 
edges: this point can be taken as being on the line of action of 
the wing resistance. 


acy 
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w is the air download on the tail plane in pounds. 
D, is the body resistance in pounds. 
D, is the wing resistance in pounds. 


We now have somewhat as before— 


VT 


= 975 a 
V\3 L 

T = [(1 + 3fR, + Rio) + Wp? Cer ae 

L = 002374,[S - S' + (1 + dfS'1'467V¥ ss (3) 


Now take moments about the point on the line of action of 
the propeller thrust which is vertically above the centre of Sravity 
(see figure) and we get— 
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Lik, - ? +2) 4+ DA, + Doky = wil. 
Also we have of course— 


w= L-—- WwW 
Dis °F =D) 
ii 
and D, = LD 
. Lick, - +2) + Th, - DoA, + Do = (L - Wi 
; a 
Lc, - l +2 + Th, - Lp” — hy) = (L —- WY 
° ¢ = ii h, Nee h 
“Wi + Th = L|? cb, + ] tr Ray 
And again as before— 
Bi NE igs ; (5) 
_ 00237 m/a\*,, 2 
and Bea AN Et 2) GG) 


Now as in the Third Method, equations (2), (3), and (6) can be 
replaced by— 


ar. 3 ee R, + Ry ~L/V* 
Sn Tide 1 2 
Ve aoe ee L/D 
L/V? = 00514,S + 005124,S 8 
re 4 
and B= 139d" V? 
where Bm (1 + df — 1. 


Again, as the Third Method, 2 can be eliminated, leading to 
the two equations— 


ae Le 
Vv? L/D 
tg ae 
and i eae ad 
where . ae el = : ka) 
» R, +R 
Ba eee a 
10* 7) 
dimes pees Ri ews ees. 


and a= "005 Th te : . : (@’) 
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Further, as in the Third Method, these two equations lead to— 


Le" See ae: 
VO a rs 
x7 Dp 
a a 
Tho ae 
and Vi ow a - 
i ES 
a c 
Now put ete FA 0 (A) 
a a’ 
TD Pe (¢) 
and ad+bcec=awy . (Ar) 
_L_e¥ 
AG 
and es = : 
f T 


Substitute these values of ve and vy in equation (4) and we 
obtain— 


WZ oy) I, h, — hy 
yin Git all - et at 
Wé 
oo é ns he : rere Gf 
yf - che + 5? | - bh 
.. from equation (1)— 
Faye oe 
P = 3750 : : ; ~~ ee 


Equations (V) and (P), with the aid of equations (6), (¢), (a), 
(2’), (0), (€), and (@’) are in such a form that a tabular method can 
be applied to them (see Chapter X1.). 

The values of L/D and &, mq, used above are of course the 
corrected values taken from the wing characteristic. 

The above equations having been solved tabularly, we have 
values of V and P for values of & from ‘I to 1°0: these values of 
V and P are the data required for plotting the performance curve 
for standard density air under the assumptions of the Fourth 
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Method. The extension of this method to the case of multi- 
propeller machines presents no special difficulty. 


Comparison of the Above Four Methods.— Examples (1) to 
(4) inclusive in Chapter XVIIL, pages 155 to 161 inclusive, show 
the different numerical results-obtained ox the same machine by 
following the four different methods of calculation. 

A comparison of the four curves on page 157 shows that there 
is little difference between the First Method and the Second 
Method : this being so it is advisable not to use the Second 
Method in ordinary work, as the slightly quicker First Method 
gives practically identical results. It must be remembered, how- 
ever, that if the centre of gravity of the machine is unusually 
placed, the difference between the methods is greater: this applies 
particularly to flying boats having a negative tail in the slip 
stream and the c.g. far forward as a means of preventing a sudden 
stall on engine failure. 

Comparing now the Third Method with the Fourth Method, 
we again find little to choose, so that it is usually preferable to 
use the quicker Third Method: this, however, again may not be 
advisable in the case of flying boats, since the unusually high 
centre of propeller thrust which is inseparable from this type 
causes the difference between the two methods to be greater than 
in the examples under consideration. 

For ordinary work, therefore, the choice lies between the First 
Method and the Third Method. Here we see a wide departure, so 
that the selection of the approximate First Method instead of the 
practically accurate Third Method, in the case under consideration, 
though it would not cause much error on the climb, would result 
in the top speed being over-estimated by about 2 miles per hour 
and in the landing speed under power being over-estimated by 
about 4 miles per hour—the landing speed with the engine shut off 
(which is usually taken as the specified landing speed) must, of 
course, be taken from curve (I or 2) in any case. 

This being so it is advisable to use the First Method always 
when doing rough or first approximation work, the Second Method 
practically never, the Third Method always for accurate work 
except on flying boats, and the Fourth Method always for accurate 
work on flying boats. 


Inclination of the Propeller Shaft.— The assumption 
hitherto made that the propeller shaft is horizontal at all speeds 
of flight is not of course true. Consequently it is not really 
correct to assume, as has been done, that there is no vertical 
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component of thrust, and that the propeller slip stream meets the 
wings at the same angle as the undisturbed air would do. 

Unfortunately, the approximation cannot be carried any 
farther than has been done in the Third Method, if a complete 
and easily workable solution is desired. 

The outstanding error due to this cause is not serious unless 
the propeller shaft is mounted in the machine at an unusual angle 
to the chord of the wing. This, however, is often done in 
machines designed to fly off the decks of ships, in order to obtain 
the advantage which can be got in this way. 

The whole question of the effect on the performance of an 
inclined propeller shaft is therefore postponed to Chapter VI. 

Non-Horizontal Flight.—The consideration of the problem 
when the line of flight is not horizontal belongs to the question 
of the rate of climb of the machine: it is therefore appropriate 
to postpone it to Chapter V., page 42. 

Flight at an Altitude.—For the purposes of aeroplane per- 
formance calculations flight at an altitude is distinguished from 
flight in standard density air solely by the fact that o, the ratfo 
of the air density at the altitude to the standard air density, is 
not unity. We will now consider the influence of ¢ on the cal- 
culations of the machine performance curve. 

As an example of the conversion process we will follow the 
proof of the Fourth Method, page 28. 

The dimensions and weight of the machine will be the same 
at the altitude, also the values of A, L/D and &, 44, : hence also 
the quantities a’, J’, c, d@’,6, 6, and w will be the same at the al- 
titude, remembering that R, and R, are not the resistances at 
the altitude, but in standard density air. 

Let V, P, T, L, w, D,, Dy, and @ refer to standard density 
air, but let the corresponding quantities at the altitude be 
V7, Ty Dis ss aie ee 

Then, analogously to the proof of the Fourth Method we 
shall have, for flight at the altitude, the equations— 


ai ti 
Pt ; A ; : : . : ee 
375 1) 
Vv’ 9 ; BK 
j = : nig ad ony . . 
Tm A(i+ 6¥R 4 Ral) + DD: (2) 
L’ = o x 00237k[S - S' + (1 + 4)'S'](1'467V)*. (3) 


w= L' —- W 
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D,’ Re Bs x D,' 
L’ 
and D, = L/D 
leading to W/+ TH, = Le — th, + ie os (4) 
1 c L/D 
ky = Mymax - : : . . (5) 
1 7 X 00237 w/ 4)" seov'e(s' + 2 6 
Te = AE TG) (e7V EO + 2) ) 
Now let P, = ey Ly = a Ly) =) and W, = pad 
oO Co Oo ; oO 
Then the above six equations become the following :— 
pk ek 
= ? ; Prat 
cere (r) 
Vy’ 2 I; / 
See Ng ae 1 , 
Vs [G+ oR: + RS) + Op (2') 
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Now comparing these six equations with the six equations of 
the Fourth Method, we see that they are the same except that 
P,, V’, T,;, 4, Ly’, and W, have been written in place of 
P, V, T, 4, L, and W. Therefore the solution of our present 
six equations can be got by making this substitution in equations 
(V) and (P) of the Fourth Method, page 30. We therefore 
have for flight at an altitude— 


WO 
V' = 1 
| Fs ce h 
vf! ~ ae + uot 
v2 
7 See eal 
be At 37 80 


remembering that 6, ¢, and w have the same values as before 
Comparing these two equations with equations (V) and (P) 
of page 30 we have— 
a 
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Vm Wb Ve) aa es 
and P= (Y)e | 
Pe oP; = o(s7) P - o(5- De ae . (P) 


Hence we have the rule that to obtain the machine perform- 
ance curve at an altitude, we find the value of o from the curve 
on page 104, and then divide the values of the speed and horse- 


power in standard density air (ze. V and P) by /o to get the 
values of the speed and horse-power at the altitude (ze. V’ and P’). 

The same rule would have resulted if we had followed the 
proof of either of the other three methods, but there is no need 
to go into that fully, as the fact is obvious. 
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CHAPTER V. 
AIR PERFORMANCE. 


General.— By the air performance of a machine is meant the 
numerical evaluation of everything that the machine can do when 
air borne. The subject can be conveniently divided into three 
parts according to the proportion of the available engine power 
which is being used. We shall therefore consider the subject of 
air performance under three main heads, Gliding, Full Power, 
and Throttled. 


I. GLIDING FLIGHT. 


General.—Referring to the four methods of machine per- 
formance calculation of Chapter IV., we observe that the Third 
Method and the Fourth Method are not applicable, seeing that 
we are supposing that the engine has broken down or else has 
_ been intentionally switched off, so that there is no propeller slip 
stream. 

Of the two remaining methods, the Second Method is the 
accurate one to use, but the First is generally close enough to 
the mark except in the case of a flying boat. In what follows 
therefore under the present heading of Gliding Flight, when the 
machine performance curve is referred to it is to be understood 
that it is to have been found either by the First Method or the. 
Second Method. 

Landing Speed on Glide.—When making a landing saithont 
his engine the pilot, of course, pulls his control back at the last 
moment so that when it actually lands the machine is flying 
horizontally. In this case, therefore, the Second Method may be 
taken as accurate (or the First Method as a close approximation) 
without further investigation. 

For the purpose of finding the landing speed, however, we do 
not need the whole performance curve but only the one point — 
on it corresponding to X = I°o. 

First Method.—Referring to page 22 we find that under the 
assumptions of the First Method of Chapter IV.— 
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ve 4é 
Xr 
is 196W 
where a S ia 


.. for our case where X = 1°0 we have that the landing speed 
on glide is. given by the equation— 
196W 
SK; sax 

Now referring to page 34 we see that the corresponding 
formula at an altitude is— 

y= JV... } T96W 
y Jo ie OSK, max 

though whether there is any useful meaning in the conception of 
a ‘‘gliding landing speed at an altitude” is doubtful. 


Second Method,—F¥ollowing the Second Method of Chapter 
IV., we have, from page 24— 


V= 


aL/W 

v- 
h 196W 
where om ape 
Bs 
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and, in our case, X = I'O. 
.. the landing speed on glide is given by the equation— 


196WZ 
LA J Sia? — ch) 


where &, is the centre of pressure coefficient corresponding to 
X = 10, z.e. to the stalling angle. 

In most machines there is a small difference between this 
value of V and that calculated above: the difference is not great, 
but if accuracy is required, this formula is the one to use. 

Again, for what it is worth, we have the “gliding landing 
speed at an altitude” as given by the equation— 
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Gliding Angle.—A comparison of curves (1) and (2) on page 
157 will show that it is only at speeds close to the stalling speed 
that the First Method and the Second Method give appreciably 
different results. We will therefore content ourselves with the 
simple assumptions of the First Method (suitably modified for 
descending flight) in investigating the gliding angle. 

The forces acting on the machine are therefore only its total 
weight W, the air lift L at right angles to the descending path 
of steady flight, and the total air resistance of wings and body 
T acting along the path of flight. 

Let @ be the angle made by the flight path with the horizon: 
then @ is the gliding angle in still air. 

We will use similar notation to that of Chapter IV., and will 
consider the machine to be gliding at an altitude, then by resolv- 
ing horizontally we have— 


L sin @ = T cos@. ; GL) 
also, of course, we have— 
V'\ 5; 
T = cR( — — . . 
m ae * L/D (2) 
L =o x ‘00237, S(1 nies ; ; a ey 
and R= Ry max ‘ : p ne) 
From equations (3) and (4) we have 
L = ‘O0510AK, maxSV" t a a oe 
Substituting for L from this equation in pane as we have— 
RV? on Sy? 
T=2 : Ay mas 
eet OO5I L/D (T) 
From equations (1), (L), and (T) we have— ? 
oRV?. GME nav: 
ye Sa eevee 
L O05 1 0NK, mad V” 
a R : I 
pi oe L/D 
I 
Fah = 
an 0 ie Ta L/D (tan @) 
where a = Tie : oe 
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It will be noticed that o has dropped out: from this we 
deduce that the gliding angle in still air for a given value of X 
is independent of altitude. 

Equations (tan @) and (a) are in a convenient form for | 
tabular treatment for values of X from ‘I to 1°0 (see Chapter 
XIIL., page 117). 

Such a table can be drawn up and then, by plotting, the 
minimum value of tan @ can be found: this is the tangent of © 
the “best gliding angle in still air”—often referred to as the 
tangent of the “gliding angle,” simply. 

Gliding in a Wind.—If there is a steady horizontal head 
wind * of wv miles per hour at the altitude in question, it will 
be clear that a glide will probably reach further if the above 
“best gliding angle in still air” is departed from in the direction 
of faster speed relative to the air. For this reason the case of 
gliding in a wind has to be treated separately from the case of 
gliding in still air. 

We shall consider the problem at a definite altitude, and 
shall employ the same notation as in the previous section, re- 
membering that @ and V’ are now relative to the air. Let ¢ be 
the angle of glide relative to the ground. 

As before, we have— 


a I 
tan dees hd &) 1 (tan 6) 
R 
a= 51%, maxS . . ° . . : (a) 
L= 00510Ak maxoV*  « ! ee 
oRV” OR, maxdV” 
and ay = 10% + OO5I1 L/D ° ° . (T) 


and in addition, by resolving vertically— 
W=Lcos@+Tsin@. (W) 
The last equation can be written— 
W =cos 6[L+ T tan 6] 


* Winds are seldom steady in magnitude or direction, are often not horizontal, 
and generally vary considerably both in magnitude and direction with altitude, 
Consequently the investigation which follows, like other later investigations into 
which a wind enters, has an appearance of getting down to hard facts which is 
largely spurious. 

The results of such investigations, therefore, though a better guide to the pilot 
navigator than they would be if wind was neglected, are only a guide after all. 

For information on the variability of wind with altitude, see ‘*‘ Manual of 
Meteorology,” Part IV., by Sir Napier Shaw, published by The Cambridge University 
Press. 
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Now in practice the angle @ will be round about 7° or less, so 
that cos @ will be about ‘993, or even nearer to unity. 

Therefore we do not lose much in accuracy by dropping cos @ 
from the above equation, leading to— 


W =L+  Ttané@. 


Substituting for L and T from equations (L) and (T) we 
have— 


tan 6\ Rtané@ 
W= | 00510, masS(1 + UD) at oV", 
Now ae = O051%, max 
RoV"Tr tan 6 
ide tant al + Tp) +tan a| 
4 
ON = ope 
; Pere op 
Rol (14+ Typ) + tan @ | CMe) 


Now the rate of descent = V’ sin 6 and the rate of horizontal 
travel relative to the ground = V’ cos @ — v’, therefore we have 
the equation— 


A V’ sin @ tan @ 
rat Vieos @ = 8 v 
’ V'cos@ 


Remembering that cos 6 is approximately equal to unity we 
can write— 


tan 0 
tan ¢ = = 7 (tan d) 
ae 


It will be noticed that o has not dropped out, so that the 
“best gliding angle against a given wind” (and the value of X 
corresponding to it) is not independent of altitude. 

Equations (tan @), (a), (V’), and (tan d) are in a form amen- 
able to tabular treatment for values of A from ‘I to I°O (see 
Chapter XII., page 118). 

Such a table can be drawn up and then, by plotting, the 
minimum value of tan ¢ can be found: this is the tangent of the 
“best gliding angle against the given wind at the given altitude”. 

It is of interest to note that for a given value of A, tan @ is 
constant and V’,/c is constant. 

Hence we see that if uv’ and o both vary, but in such a manner 
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that v',/o remains constant, then tan ¢ is constant for a given 
value of X. 

That is to say, that if v',/o is kept constant, tan ¢ is a function 
of X only, and therefore the minimum value of tan ¢ and the 
value of X at which it occurs are both fixed. 

Hence im practice we can find the minimum value of tan ¢ 
and the associated value of X for a range of values of z in standard 
density air, then assign any required value to o and immediately 
obtain these quantities for a range of values of v by making 
v/a = v for each of the values of v originally chosen. 

From this it follows that the work of finding the best gliding 
angle for a range of altitudes and wind speeds is far less laborious 
than would appear at first sight. 


II. FULL POWER FLIGHT. 


General.—By full power is meant that the throttle is full 
open, thus allowing the engine to develop its full torque for the 
altitude in question unless that would cause the engine to exceed its 
normal revolutions, in which case the engine is supposed throttled 
down to its correct full revolutions. This last case is not con- 
sidered to belong to Throttled Flight but to Full Power Flight. 

Another way of looking at it is to define Full Power Flight 
as the condition when the engine is developing either its full 
torque for the altitude in question or its full revolutions, but is 
not exceeding either. 

From the point of view of safety of the engine from damage 
there would be no objection to the engine developing more than 
its full torque for the altitude, provided that that did not involve 
the engine developing more than its full torque for standard 
density air. Actually, however, as the throttle cannot be more 
than full open, this case cannot arise. 

Top Speed.—Let us consider a typical machine performance 
curve with a typical pair of propeller performance curves plotted 
on the same paper, limiting ourselves for the moment to the case 
of standard density air. 

Let V, be the speed at which the P, and P,, curves (found in 
Chapter III., page 16) intersect, let V, be the speed at which the 
P curve intersects whichever is the lower of the P,, and P,, curves, 
and let V, be the speed at which it intersects the higher. 

Then we are confronted with two types of case, illustrated in 
Fig. 1 and Fig. 2. 
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Then in the case of Fig. 1 since the throttle cannot be more 
than full open, the speed V, cannot be reached in horizontal 
flight, and V, is the true top speed of horizontal flight in standard 
density air. 

Again, in the case of Fig. 2, though the speed V, could be 
reached by leaving the throttle full open, this is forbidden as it 
would result in over-running the engine, so again the true top 
speed of horizontal flight in standard density air is V,. 
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Top Speed at an Altitude.—In finding the top speed at an 
altitude two cases occur corresponding to Fig. 1 and Fig. 2, but 
of course P., P., P, V,, V;, and V, are replaced by P,’, P,, P, 
V, and V,’ and V,’. 

In the case of Fig. 1, the intersection of the P,,’ curve and the 
P’ curve gives the top speed at the altitude V,. 

In the case of Fig. 2, however, V,’, the intersection of the 
the P.” and P’ curves is the top speed at the altitude. 

Racing Machines.—In the special case of a racing machine, 
z.é. a machine for which the propeller has been specially designed 
to give the maximum possible top speed in standard density air, 
we have the case of top speed = V,, 
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The method of finding V, for this case will be given in 
Chapter X., page 105; this value of V, is also the top speed in 
standard density air in this special case. ‘ 

All the above work on Full Power Flight takes, of course, 
the same form, whatever method of finding the machine perform- 
ance curve has been used. ‘The accuracy of the results, however, 
naturally depend on the accuracy of the method used in the first 
place. 

Rate of Climb.—/irst Approximation.—lf we neglect the 
influence of the obliquity of the propeller thrust, the fact that 
the weight is not perpendicular to the direction of flight, and the 
additional slip stream action due to the use of full power, we can 
take the horse-power required for mere flight from the machine 
performance curve calculated by the Third Method, and the horse- 
power available for mere flight plus climb from either the P., or 
the P, curve, whichever has the lower value at the speed in 
question (see, for instance, Fig. 1 and Fig. 2, page 41). 

The difference between the propeller power and the machine 
power is the horse-power available for climbing, and the rate of 
climb in feet per minute is this difference, multiplied by 33,000 
and divided by the weight of the machine in pounds. 

Corresponding to each speed between the stalling speed under 
power and the top speed, there is a definite rate of climb: at 
some particular speed the rate of climb is a maximum, and this 
maximum is often spoken of simply as “the climb,” while the 
particular speed is often called “the climbing speed ”. 

The above method applies as it stands to any altitude, merely 
using the curves for P’, P.,.’ and P,’ plotted on V’, instead of the 
curves of P, P,, and P, plotted on V. 

For rough work the machine performance curve can be taken 
from the First Method instead of from the Third Method, but in 
that case, of course, the inaccuracy is increased. 

Second Approximation.—This approximation, though still not 
perfect, goes a stage further than the First Approximation. In 
it we assume that the forces operating relative to the flight path 
are the same as for horizontal flight, except that we take account 
of the propeller thrust being inclined to the horizon (being in 
fact along the flight path), and of the weight being inclined to 
the normal to the flight path (being in fact, vertical). That is 
to say, we assume that the air download on the tail and the 
propeller slip stream effect (if the Third Method or the Fourth 
Method is being followed) are unaltered by the fact of climbing. 
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With these assumptions then, let @ be the inclination of the 
path to the horizontal, let P be (as usual) the machine horse- 
power required for orzzontal flight, let P,, be the propeller horse- 
power available at the speed in question (then P,, equals P, or P,, 
whichever is the least at the speed in question), and let V be the 
speed in miles per hour along the path. 

Further, let W be (as usual) the total weight of the machine 
in pounds, let T be the thrust of the propeller in pounds, let L 
be the actual air lift at right angles to the path of flight in pounds, 
and let D be the actual total air resistance of the machine along 
the flight path in pounds. 

Then by resolving along and perpendicular to the flight path 
we have the equations— 


‘T=D+4+Wsin 6 ‘ : ree 3). 
and L=Weoosé@. ' : a kad 
Also of course— 
TV 
a = 375 : . : ; R ‘ (3) 
} DV/W 
and P= 0) (4) 


The term t) in the last equation is due to the fact that on 


climb L is not the same as W, while it is, at least very approxi- 
mately, in horizontal flight, to which P refers by the definition we 
have given it. 


Now let # = tan (°) 


*, cos 0 = cos (5) = 2 zd 2 
Be! eos (5) + sin? (5) I + tan’ (5) 
= = (cos @) 
1+2 


2 sin (2) cos (5) ‘ 2 tan (=) 
0 


and sin @ = sin 2(5) 


Pe rele a ; ‘ (sin 8) 
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Now from equations (4) and (2) we have— 
oe 375PL  375P cos @ - s 


VW V 
Then from equations (1), (3), and (D) we have— 


3750) 4 T =D + Wsine = 375% 005 ¢ 4. W sin 6. 


From this and equations (cos @) and (sin 9) we have— 
B76. ° 375 PG xa a 2Wx 
Vi vain I+ 2 


3» ("oe eee + (# - pe - 2Wr=0 


s75(P,+ P) og saa s75(P, = Ee 


This is a quadratic equation for x, ze. for tan (2), of which 
the solution is— 
tan (2)= oe \{ xis \ _F-P, 
2/  375(P, +P) 375(P, + P) Pi+P 


The angle of climb @ being now determined, we have, if C is 
the rate of climb in feet per minute— 


C mV sin O22" = S8V sine 


60 
- LOVE 
ee : : , 3 : : os 
where x = bef es v4 gis! | Re Fests Se (x) 
375(P, + P) 375(2, + P) | ag oe 


Equations (C) and (#) are ina form convenient for tabular 
treatment (see Chapter XII, page 122). 

The rate of climb at an altitude is obtained in an exactly 
similar way, merely writing V’, P,’, and P’ for V, P,, and P. 

This concludes the investigation of rate of climb under the 
assumptions of the Second Approximation. This approximation 
does not differ materially from the First Approximation except 
when the machine has a really high rate of climb. 

Third Approximation.—The assumptions made in this case 
are that the air download on the tail and the height of the pro- 
peller axis may be disregarded, but the full power slip stream. 
is taken account of. Any attempt at a frontal attack on the 
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problem is doomed to lead to equations only soluble by trial 
and error. This process, though most useful when none other is 
available, is terribly laborious, and we should not, therefore, be 
justified in employing it merely for the purpose of getting a 
closer approximation than we have yet got. 

We will therefore employ a flank attack, making use of the 


principle that corrections on corrections are unimportant.* 


We will start with the machine performance curve obtained 
by the First Method and with our pair of propeller performance 
curves. 

Now we have to correct this machine performance curve for 
the full power slip stream: we shall do so on the assumption that 
the extra lift and the extra resistance can be added (causing the 
speed to drop and the value of P to be modified, and thus giving 
us a point on the corrected curve for horizontal flight) w7thout 
altering the value of x and thus invalidating the work: this. as- 
sumption is untrue, but the error arnved, being an error on a 
correction, need not trouble us. 

Well then we have our propeller curves, which give us the 
value of P,, for any derived value of V, and we have our original 
curve giving P in terms of V. 

First choose a value of ) and then obtain from the table the 
corresponding value of V and call it ,V; also get from the table 
,P, the corresponding value of P, and from the curve, ,P.,, the cor- 
responding value of P,,. 

Then the full power thrust T is given by the equation— 

Se iVI 
TE 

Hence the slip stream velocity (1 + 0),V is given by the 

equation— 


ve Fo? 3 V2B 
Io® * 


where B=(1 + bY -1, 

as we see by referring to page 26, for instance. 
Now the total lift under slip stream conditions is— 

00514,(S + BS’) ,V? 
(see page 26), whereas under conditions of no slip stream it is— 
0051%,5,V*. 

Therefore, assuming as we do that the value of 2 is unaltered, 
* This principle, so valuable to the computer, is a bold generalisation to finite 


differences of the mathematician’s principle of neglecting infinitesimals of the second 
order, 
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we have that the added lift Z, due to introducing the full power 
slip stream, is given by— 
L = ‘0051%,S',V’B 


thy Mee ey 
137,500D &, mae Agen) gE L 
Zz ge & . td 
Hence Z is known for the assumed value of X. 
This additional lift is equivalent to an equal reduction of W 
and therefore, assuming as we do the value of X to be unaltered, 


the machine, instead of flying at ,V at this value of 2X will really 
fly at a speed ,V given by the equation— 


: i Val oa a . whee : (2V) 
Again, the total resistance under slip stream conditions is— 
Vis? 2 Wie 
BR R R,)( 2~— fab en ac 
oe ae (250) "WD 


(compare, for instance, page 26), whereas under conditions of 
no slip stream it is— 
W 


(R, + R)(1¥) + op 


Therefore, the added resistance R due to introducing the full 
power slip stream is given by— 
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= 2700— —? + —— ; ee 


But this is on the assumption that the speed ,V is maintained, 
whereas, as we have seen, this speed is actually reduced to ,V. 
Therefore the horse-power required by the machine is really 


altered to— oes 
e-(F4 373 )Qy) 
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The procedure to be adopted therefore is to find ,V and .P 
by a tabular process from the above (see Chapter XII., page 123), 
plot the modified machine performance curve so obtained, and 
apply to it either the method of the First -Approximation or the 
Second Approximation. 

Comparison of the Results of the Three Approximations.—A 
reference to examples (6), (7), and (8), Chapter XIX., page 169, 
shows that the rates of climb in feet per minute in standard 
density air for a particular machine come out as 758, 744, and 
707, while the corresponding speeds in miles per hour are 71, 
74, and 70 respectively. 

We see therefore that, except in unusual cases, the method 
of the First Approximation, though optimistic, is not far off the 
mark, This is the method ordinarily used, and it is advisable to 
retain the other methods for special cases only. 

Times to Altitudes.— General Method—In the general case 
we must first determine C’, the rate of climb in feet per minute 
at a series of altitudes, from the ground* up to the “ceiling,” 
that is to say, the altitude at which the rate of climb is zero. 

Let z be the time in minutes from leaving the ground, and 
let x, be the height of the ground in feet.* 

Let x be any altitude in feet on the same basis, then 
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Hence the time to any required altitude is readily obtained 
by plotting a on a base of standard altitude and then integrating 
_ graphically. 


* The ground is not the altitude at which o is zero: two corrections are neces- 
sary, one for climate and the other for the height of the ground above sea level. 
Thus, for instance, for a place at sea level in England under normal conditions the 
ground level may be taken as zero, but the value of o is not r but 1°025 (see curve 
of page 104), while for the same place in the summer, the ground level must be 
taken as 2350 and consequently the value of o as ‘952 (see footnote, page 117). 
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The Particular Case where the Rate of Climb is a Linear 
Function of the Altitude.—I\t often happens that when C’ is plotted 
on # the curve is, at least very approximately, a straight line. 
In this case let any altitude from ground level in feet be a (then 
*=a+42,) Then C isa linear function of a. 

Let the value of C’ at a = 0 be cand let the value of a at 
C’=obea}. Then— 


4 ss a —- a 
a, 
Also we have, much as before— 
da _c 
dt 
“da 
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ke 
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a “1) log. (a, - a) = - “log, (4 - a) — log, a] 
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a Bilse, Gor = log, (=) 
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Therefore, in this special case (which is of fairly frequent 
occurrence) we can dispense with the graphical integration and 
use the above formula instead. 

Ceiling.—There is really a “ceiling,” ze. a height at which 
the climb is zero, corresponding to each point on the machine 
performance curve. Ordinarily the word “ceiling” is applied 
only to the best of these values, or “ maximum ceiling”. In what 
follows, however, we shall refer to a ceiling for each point on the 
machine performance curve. 

Consider a point on the machine performance curve at an 
altitude which is the ceiling for this point: then the climb is 
zero, therefore P..’ = P’* at this altitude and at this speed V’. 

Now the point P’, V’ was obtained from a particular point 
P, V on the machine performance curve for standard density air, 


*If the propeller were designed with an excessively small value of Vj, the 
criterion would be Pr’ = P’, but such a case never occurs in practice, as it would 
indicate a propeller design which always sacrificed a lot of the available horse-power. 
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and we see from Chapter IV., page 34, that the two points are 
related by the equations— 


VieweY eerie ch (2) 
d Pi es ae Pope oe (2) 
an 5° 


Now we may consider the point P’, V’ as being on the con- 
stant torque propeller performance curve at the altitude: for this 
purpose we will call it P,’, V,,): corresponding to it in standard 
density air there is a point P., Vv » related to it by the equations— . 


Wer at Wise plies ie ta) 


and Pp,’ = Poy =! , : ; 94) 


as we see from Chapter IIL, page 19. 
Also, as we have indicated above— 
Viste ME oe} , : ea 
and Le tae 5 


ee = PS, is from (4) 


= Pa from (6) 
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Again, V,= Vie from (3) 
= vive from (5) 
Vive 
She ca from (1) 
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Comparing equations (2) and (<2) we see that 
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(0) 


Therefore, given the point P, V, we can find the point P,,, V,, 

by plotting through the point P, V a curve of the form 
yu x. 

Starting, therefore, from the point P, V, we can consider the 
point P,, V, as known, since it is the intersection of the curve 
of the form yo x which passes through P, V with the P,, curve. 

Therefore, V and V,, being known, o, is got from equation 


(2) in the form 
o, = 2) . : é (o;) 


Now, by the definition of o, given on page 18, we see that 
a i: 
g . 
=go,+/)p : ; » ie} 
where # and g have the values given on page 19. 
equations (c) and (o,), with the aid of the device of plotting 
the y« 2* curve, determine o, from which the ceiling is found 
corresponding to the original point P, V with the aid of the curve 
of page 104. 
The maximum ceiling is found by repeating the work for a 
few points and finding the maximum in the ordinary way. 
A convenient method of applying the theory will be found 
in Chapter XII., page 125. 


Ut ae 


Ill. THROTTLED FLIGHT. 


Slowest Flying Speed.—The slowest flying speed differs 
from the landing speed on glide, owing to the influence of the 
propeller slip stream on the wing lift. 

The slowest flying speed can be read off the machine per- 
formance curve if this has been calculated by the Third Method 
or the Fourth Method, or it can be obtained by working the 
performance calculation by the Third Method for the case of 
® = 1°0 as far as the determination of V. 

Throttling Curves.—In calculations connected with thrott- 
ling it is often necessary to plot a number of curves of the form 
y ce x across the machine and propeller performance curves. 
To avoid the labour of doing this repeatedly it is best to scribe 
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a complete family of these curves on celluloid and keep it for use 
when required. It is simply laid over the performance curves 
with the axes corresponding, and then the intersection of any of 
the “Throttling Curves,” as these cubics are called, with the 
P, P.,, and P,, curves, can be read off at once. Particulars of how 
to make such a family of curves on celluloid are given in 
Chapter XII., page 126. 

These throttling curves are only referred to here in order to 
draw attention to a particularly useful property of the family. 

Let one of the curves be 


yy = ar 


and suppose that it has been plotted on inch squared paper. 
Then suppose that this curve is laid over a performance calcula- 
tion which is plotted on millimetre squared paper, or in French 
units, or with an open velocity scale and a close horse-power 
scale, and let us consider what the meaning of the curve will be 
when read off on the scale of the paper underneath it. 

A moment’s consideration will show that the curve will 
then be 

horse-power = £8 (velocity)’, 


where 8 is a new constant depending on the scales used in the 
two directions. 

Since, however, 8 is a constant, the curve is still of the form 
y « x*® on the scale of the paper. 

Therefore, a set of such curves, once scribed on celluloid, can 
_ be used on any kind of plotting of horse-power on a base of 
speed, zrrespective of the units used and the scales chosen. 

Consumption and Revolutions when Throttled.—Aero 
engines will not run indefinitely at full power without taking 
harm, and for this reason it is desirable to know both the con- 
sumption and the revolutions when flying horizontally, throttled 
down to any speed. 7 

Also it is preferred that a commercial machine should, for 
reasons of economy, normally travel throttled: to investigate 
this, again, we need to be able to calculate the consumption at 
any speed and at any height. 

We will therefore find the revolutions and the indicated horse- 
power when the machine is flying horizontally at a given speed 
at a given height—throttled of course. 


*As an example, the makers of one engine advise that if it is used when 
cruising at not more than °7 of full consumption, and at not more thang of full 
revolutions, its life will be practically indefinitely prolonged. 
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P’ is the effective horse-power required by the machine for 
horizontal flight at the altitude in question. 

P... is the effective horse-power given by the Ercpetier at full 
torque for the altitude. 

P., is the effective horse-power given by the propeller at full 
revolutions. 

Now suppose that we have curves of P’, P,’, and P,,’ plotted 
on a base of speed, and let us consider three particular points 
(one on each of the three curves), whose co-ordinates are P’, V’, 
P.., V.,, and P,’, V,’ respectively. Also we will take the follow- 
ing additional definitions :— 


/ 
4 ¢ / 
Pr Vit 
PR Ve 
wt Bs : 
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yy eo" J fe 
¢1 PY. 
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I’ is the indicated horse-power. 

F’ is the horse-power lost in friction in the engine. 

H’ is the brake horse-power. 

0’ is the indicated torque. 

N’ is the engine revolutions. 

T’ is the thrust. 

The above refer to the conditions when the machine is flying 
horizontally throttled, ze. they refer to the point P’, V’. 

Corresponding letters with suffix T refer to the point P,’, V,. 

Corresponding letters with suffix R refer to the point P.’ Ale 

Corresponding letters in the italic character refer to the point 
of intersection of the curves P.,’ and P,, ze. to the condition when 
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the engine is developing ful/ revolutions and full indicated torque 
for the altitude (which we already know from Chapter III., 
page 19, to be o times the full indicated torque in standard 
density air). 

Now further, let P,’, V,’ and P,’, V,, be so related to P’, Vv 
that 


N,. = Vv, 
WoT ; , saree 
1 Saw a ae 
and aes Vv" ; aac s 
Then it follows from propeller theory that 
hap eae 
a Or) eee eC) 
gb: ve 
and T = (<3) . - (4) 
Also, of course, = = PAS Bit : el GR) 
Ua Rag a P 
d ae ae oe ; : ; 
oi Pinane ©) 
From (3) and (5) we have 
P oe 3 
oa-(qe) 0 owt @) 
and from (4) and (6) we have 
rs Vos 
eo GP): 


That is to say, that the three points we are considering are 
connected by the fact that a “Throttling Curve” passes through 
them. | 

In other words we could first choose P’, V’ as any point on 
the P’ curve through which a curve of the family passes, and then 
read off the values of V.,’ and V,’ by noting the intersections of 
this same curve of the family with the P,, and P,’ curves. 

Now N, = J by definition ready 

oe: Pare», ¢ Vv 
a = N, ed, Be from (2) 
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mF. pe By (9) 
= H, + F, (by definition) . (10) 
P, 
a (11) 
theory from (1)— 
= Q (by definition) (12) 
= oQ (from page 53) . (13) 
=< (14) 
N 
F 
= (15) 


because the friction losses are proportional to the revolutions and 


independent of altitude. 


Also, of course, 
i ” 


N;O, ~ WO a 


The letters in italics without dashes refer, of course, to the 


full revolutions and full 


torque condition in standard density air. 


Now from the above we deduce— 
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the definitions of ~ and g, and their numerical values, are given 
on page 19. 

Equations (N’) and (I’) give for any speed and altitude the 
revolutions and the ratio of the consumption to full consumption, 
after V,’ and V,’ have been found from the value of V’ by the 
use of the “ Throttling Curves ”. 

Best Cruising Speed at a Given Altitude.— The consump- 
tion per mile is proportional to the consumption per hour divided 
by the speed, and, as we see from the last paragraph, the con- 
sumption per hour is proportional to 


V' ‘| V' 
{2+ © - Aly) fy 
therefore the consumption per mile is proportional to 
V’ ) 
Pit ais Ay 
Ve 
We can now take a few values of V’, find the above quantity 
for each, and plot to find the minimum and note the speed at 
which it occurs. 
This is the best cruising speed at that altitude for flight in 
still air. 
For cruising against a head wind at the altitude of speed v’, 


we get the consumption per mile made good over the map is 
proportional to 


Vv A fod 
vv al? PN Ba 
which again can be plotted to find the best conditions. 

Best Cruising Altitude.—The best cruising altitude can be 
found by comparing the best consumptions per mile at a range 
of altitudes. In practice, however, the cruising altitude is limited 
by navigation problems, so that the calculation, if made, has 
perhaps only an academic interest. The influence of altitude on 
cruising with and against the wind can also be investigated at 
the same time. 

Long Range Cruising.—By long range cruising is meant 
cruising over such great distances that the weight of the fuel used 
is a very serious item, requiring careful attention in order to get 
the most out of a gallon. 
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The results obtained by this investigation can, of course, be 
applied to ordinary journeys and should make it easier to main- 
tain good economy: their real application, however, is to such a 
problem as ‘‘ Against how fast a head wind will the machine in 
question cross the Atlantic?” 

We will suppose the flight to take place at constant altitude, 
so that o is constant. 

Also we will disregard head winds at first, and allow for 
them at the end. 

We have from page 55 


re i\p rates Nw) oo 


‘iy R 

Also we will take the following definitions :— 

x is the distance in miles covered from the start up to -the 
moment under consideration. 

tis the time zz hours from the start. 

W is the total weight of the machine at time 7 Note that 
W is a variable, owing to the consumption of fuel. 

5 is the total pounds fer hour of fuel being expended at the 
moment under consideration. Note this includes petrol, oil, and, 
in the case of water-cooled engines, that pet of the total water 
supply that is evaporated. 

N’ is the revolutions (as usual). 

N is the full revolutions (as usual). 

A is the full consumption in standard density air. 

Suffix o refers to the commencement of the cruise. 

We now assume that the pilot reduces speed as the machine 
gets lighter so as to always fly at the same value of A (as a 
matter of fact all he has to do is to leave the elevator setting 
alone) : of course, he will also have to throttle down progressively 
in order to avoid climbing above the constant altitude. 

Since \ is constant, the “gliding angle” is constant, and of 
course we have— 


(7) = W, : : ee ts 
and =, = sit 
ee 
By = (ve) 


.. P’, V’ is always on the same “ Throttling Curve” ; 
but V,,’ and V,’ are on the same “Throttling Curve” as V’, 
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hence V,’ and V,’ are constant and equal to V,. and V,,. 
respectively. . Then we have— 


Ps i Vv’ bt 2 
4-7- WP + @- Ay \ al ea) 
and from page 53 
sat 3 
AD V,. i . : ‘ (3) 
Also, of course, by definition 
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.. from (2) and (6) - 
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Performing the integration, we have— 
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Now one of the standard cases of the differential calculus 


gives us— 
dy I 2 
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Now there is a trigonometrical formula— 
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tan A - tan B 
I + tan A tan B 
; sf a tan A 
Cee ee {pea GBS 


tan (A - B) = 


Now let A= tan“"("2) \ ea? 3 
and B= tan™(5 ) : BoM ee) 
tan A =? 
and tan B = 4, 


ar I | oi alec) 
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where the angle is in radians of course. 
2,/W, “1 Cad — /W)) 
¢= —~——, tan : P L 
57°36aV, 2 + /W,W 4) 
where the angle is in degrees, 

. / / WwW / 
Again, from (1) V = Vial ye n° (V’) 
Hence, substituting in (2), we have— 

Vv, |W Ven? We 
$= ona ey als wet Roach 
vw * © Psy) er (6) 
And from (3) and (V’) we have— 
Nee Hoe OR ee ah ai 
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We now have, after the burning of fuel has reduced the total 
weight of the machine from W, to W, the revolutions and rate of 
consumption given by equations (N’) and (6). ) 
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The proper speed of flight to be maintained at that stage is 
given by equation (V’). 

The air mileage that has been covered up to that stage is 
given by equation (x) with the help of equations (a) and (w). 

The time elapsed on the journey up to that stage is given by 
equation (¢) with the help of equations (a) and (4). We shall 
need (¢) if we.wish to know the cruising conditions against a head 
wind. 
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CHAPTER VI. 


GROUND PERFORMANCE. 


General.—Apart from the performance of an aeroplane in the 
air it is often necessary to know how it will perform on the 
ground. Thus, for instance, in connection with the size of aero- 
drome required, the distance required for the machine to come to 
rest on landing and the length of run to get off the ground are 
sometimes laid down in a specification: also before the trials of 
a new type, the pilot may ask to be told these figures. 

Again, aeroplanes are often launched from and landed on the 
decks of ships, so we must calculate the length of deck required 
‘in each case. 

These matters are dealt with in the present chapter under 
the general heading of ‘‘Ground Performance”. 

Getting Off a Deck.—Dynamical problems involving relative 
motion are full of traps for the unwary. It is therefore advised 
that the line of investigation here given be not departed from, 
since to do so may give results different from those here found 
and leave the investigator faced with some fallacy which may be 
very difficult to locate. The method here given is accepted by 
those who are competent to judge—and gives close predictions of 
the results obtained in practice. 

In launching a machine from a deck, it will probably be 
arranged to do its run at about its angle of attack for minimum 
resistance, and then be ‘‘hoiked” up to its angle of attack for 
maximum lift at the end of the run. 

Machines specially designed for deck work often have - their 
propeller shafts inclined so that the propeller slip stream meets 
the wing at a larger positive angle than is ordinarily the case: 
this is done in order to reduce as far as possible the mmnimum 

flying speed under full power. 
| Let v,, be the minimum flying speed of the machine under 
full power in feet per second. The method of finding v,, for any 
particular machine will be given later on page 69. 

At air speeds between zero and v,, the horizontal component 
of the thrust of a propeller on full torque, z.e. on full throttle, is. 
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very nearly constant. We will assume it to be constant and 
equal to T poundals. The method of finding T will be given later 
on page 67. 

Let KV? be the total resistance of the machine (wings and 
body) at V feet per second relative to the air in poundals, includ- 
ing the effect of slip stream action on the wings and body. The 
method of finding K will be given later on page 67. 

Let M be the total mass of the machine in pounds (then M is 
represented by the same number as ordinarily represents W, the 
weight of the machine in pounds, in other calculations). 

Let ¢ be the time in seconds, reckoned from the starting of the 
run. 
Let v, be the forward velocity of the ship in feet per second, 
relative to fixed axes. 

Let v, be the velocity in feet per second of the wind as read 
by an anemometer on the ship. Then the forward velocity of 
the wind relative to the fixed axes is v, — Vy. 

Let X be the linear co-ordinate in feet of the ship relative to 
the fixed axes. 

Let X + # be the linear co-ordinate of the machine in /eet 
relative to the fixed axes. Then ~# is the co-ordinate of the 
machine relative to the ship. © 

Let / be the length of run in /ee¢ relative to the ship which is 
required before the machine reaches its minimum flying speed 
UV» relative to the wind. 


Then mM 2X. +2). 7 eee eee 
at 
: aX +27). CX ae 
ts eae * a 
and UX Fea O, since v, is constant 
Fi Es «. ; 
q(X +4) _@x _ de _dadx _ de (2) 
ey eae” eae sos.” ee 


Also the speed of the machine relative to the air equals the 
absolute forward velocity of the machine minus the absolute 
forward velocity of the air. 


» Ve a eel — (U, — Vw) = X + £-U,+ Vy =U; +4 - Us + Vy 
tia De RS oe Eres ee 


al Ni 
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M aT - KV?) Mu, dV 
SK ae RVR oka eo 
ay KV. 


= wt 2 
Now ToKV? a log, (T - KV?) 


. ae= — 


gala + Vo a Vv. 
Ifda+ V) jr Ma —- | 
ZaL_ a+ V a-vV 


ss (a log, (a + V) - dlog, (a - V)] 


ashe (Sy) 
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me Mv ee at+vV 
ac = - — 2 w 
+ [i x | 106 - KV?) - Moe | og ( i 
0 Vay V=vy 
M T - Kv; Mv, (a + Uy (a — Um) 
oy fae oy log, Wee log ne be 
: gt \ - Rei * 2aK ‘AG — Uy a + 4 


M (a + Uwa - Vw) Mv, (a + UVy)(a — Vm) 
2K 108 te 1g Uma = ii i ° os fe + Um)(a - thy) 


2aK 


=1'I51 zl (2 + od ea =) as (2 e a : Say 


This equation with the aid of (a) gives the required length 
of run to get off the deck. 

Getting off the Ground.—From this we can get the length 
run to get off the ground in still air by putting v, = 0: wé-get 


a - =) + lo8o € = =) 


Landing on a Deck.—We will use the same notation as in 
the previous piece of work, remarking, however, that as the pilot 
has to approach the deck with caution, v,,, his speed of alighting, 
will be his minimum flying speed throttled for horizontal flight, 
7.e. his proper ‘slowest flying speed,” which has been discussed 
on page 50. 

Also we now have T = oO and the motion is one of decelera- 
tion, not acceleration. Then, following the general method of 
the previous investigation, we have— 


M 
dex T°L ST Z| ose ( 


a’(X + +) 
M TP =- KY? : ‘ 5 <i 
a*(X + +) ax 
ae = +7, : . . ‘ ; (2) 
V = Ugh (3) 
ax aV 
and oo _ (V e Vw) Te 
er Sli did 
ak 
“dk 
(V ‘Z Vw) 
G(X + 2) from (2) 
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M(V —- v,)adV 
= ( = oe from (1) 
MdV_ Mu, dV 
“Roy + Re 
M Mw, ./I 
- 4 log. (V) - *Az) 


K V 
l V=vy V=%y 
M Mv I 
“. ha e iy #14 — 
[e ef log. (V) - = | ta) 
0 Vay, Vai, 
ie ee Ua \. Mtg ice os 
BA eS) ea a 
M Um Um — Vw 
12s K| 2303 log, je) hs U,, | . (2) 


Equation (/) gives the required length of deck for landing on 
a ship. 

From this we can get the length of run for landing on an 
aerodrome in still air, by putting v, = 0. 

We see that it leads to / =o ; that is to say, that if there 
was no ground friction, the air resistance would never quite stop 
the machine moving. We must therefore investigate the length 
of landing run, taking account of friction. 

Landing on the Ground.—We suppose that brakes on the 
wheels, the friction of the tail] skid, or even simply the friction 
of the ordinary wheel axles, have the effect that the machine 
can be considered to have a coefficient of friction ~ with the 
ground. 

Let M be the mass of the machine in pounds. - 

Let x be the distance in feet from the point of contact with 
the ground. 

Let wv be the landing speed in feet per second. ‘This is either 
the ‘‘slowest flying speed,” which has been found on page 50, or 
the “landing speed on glide,” which has been found on page 35, 
according to whether the pilot lands with engine on or off. 

Let ¢ be the time in seconds after touching the ground, 

Let KV? be the total resistance of wings and body at the 
altitude at which the machine runs on the ground in poundals at 
speed V feet per second. 

Let / be the length of run in fez. 


rs 
Then the air-borne weight = Mg 
5 
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= 
-. the ground-borne weight = Me(1 - =) 


‘. the equation of motion is— 
Mz = - = Ki - wMg(1 = = 
#4 (4 - Bl a ug = 3 ae 
Vv 
_ 4% dxdx _ dx _ az’) 


oe A oe ge ee 
. from (1) ae + 2az*> + 2ug=0. CaO Gs 
ly 
K 
where a= Mo “ ; 5 ‘ , (a) 


Now we get different formule according to whether a does 
or does not equal zero, First, then; if a = 0, we have from (2) 


2 
gt + 2ug = 0 


We) + 2g de =O 


. - w+ 2ugl=0 
ee ; ; : ; ; L 
ae (A) 
But if a is not zero, we have— 


dai? + wg) = ad(é") 


*. from (2 Kae” +e) + 2(ax? + pg)dr = 0 
) re Ht 
~ das? + HE) | 
5 or 2a fe =o 


x=0 


I 
~'d log,(az” + pg) + 2a dx= 0 
0 


.. log. (ug) - log, (av? + wg) + 2al=0 
I av" + 
tm 2 tog? 0 


K 
but from (a) av’ = MM’ — pg 
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t= a2t rites) ; , hehe? 


Equation (/,) or (/,) gives the length of landing run, according 
to whether a = 0 or not. 

In practice equation (/,) would give poor accuracy if a was 
nearly equal to o: in that case, therefore, equation (/,) should be 
taken instead as an approximation. 

Propeller Thrust at Slow Speeds.—For speeds between 
zero and the getting off speed, a reference to the figures on page 
41, for instance, will show that the effective horse-power P., is 
nearly proportional tothe speed V. Therefore, the thrust is nearly 
constant, though it is higher, slightly, at lower speeds. 

Let Vv be a speed in mzles per hour somewhere round about 
three-quarters of the estimated getting off speed—never mind 
details. 

Let P.. be the effective horse-power from the P, curve at this 
value of V. 


P 
Then the thrust in pounds = sha, and therefore T, the 


thrust in poundals, is given by— 
Ce a ey IM SG 
V : 

Total Resistance.—If the machine is not designed with the 
propeller shaft far from horizontal when getting off, we can em- 
ploy the Third Method of machine performance calculation, 
remembering, however, that the thrust to which the slip stream 
is due is the full thrust just calculated. 

Using the same general line of investigation as on page 25, 
and using the same unzts as there defined, but simplifying the 
work by omitting to take account of /, 7’, and £,, we have— 

Bash 
+ L/D e e (1) 
corresponding to equation (2) of page 25 ; 
W = 002372,[S - S'+(1 + byS]1'467VyP ss (2) 
corresponding to equation (3), page 25 ; : 
Rk, = Ri max E ; ; Re ie 


T = 


K’V? = [(1 + JPR, + Ra(—) 
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corresponding to equation (5), page 25; and 
, 00237 a 
T = - (4) (1°467V)0(6 + 2) . . te 
(where T’ is the T of the previous paragraph divided by 32:2), 
corresponding to equation (6), page 25. 
Put B=(1+ 6? -1=66+2). ; (B) 
Then we have from equations (1), (2), and (4), using equation 
(3) to eliminate £,— 


a, I W/V? 
Kon (Ry + Be 2 ee ae 
W/V? = ‘0051AK, ma(S + BS’) . ; : ; (Gx 
| 10°T’ 
and ” Teogtg? ae ; : ; as (7) 
W/V? = ‘O051NE. mas + io ee from (6) and (7) 
W = 367 eet 
0 RTT aes ; ‘ > LVR 
005 INK, max 


From equations (7) and (V*) we have— 
10°T’ x ‘OO51NA, max 


B= 
NA, azo 1 
394'| W — 367 ume ] 
i 3672, max> L- 
Wad? — 367k, max T 
a) aS 
Wa? — aS’ 
where a = 3672XR, maxt : : : . (a) 
SR R, +R, . W/V? 
of K' = es u 2 
ra) o(Wa? aS) * aoe Lf 
Wa - aS’ 
N Bee 
TREX O05 INK, maxd@” 


W/V? _ ‘0051X2, max Wa? 


L/D L/D(W@ = aS’ 
= aSR, Pe R,; + R, ‘O05 INK, max Wa" 
10*(Wa - aS’) 10! L/D(Wa@? - aS’) 


This equation enables us to find K’ for a range of values of 2. 
and thus, by plotting, to find and use its minimum value for flying: 


Ee 
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off the deck. Generally, however, the angle of attack for the 
run will be determined by practical considerations, but as near 
as may be to the angle of least resistance of the wing. 

In this case, find the value of X corresponding to this angle 
on model tests (this is quite near enough) and then find K’ from 
the above equation. 

For landing, we may take X = I'o and T’ = o,.*. a = O and 
we have— 


R, + R, fe 00512, max 

10* L/D 
where L/D is the value corresponding tor = IO. 

In the case where the machine is designed with the propeller 
axis at an unusual angle, little error will follow from using the 
same value of K’ as is found above. It would be very laborious 
to carry the approximation any further, but if desired a method 
corresponding to that used in the following investigation may 
be employed. 

K’ is in engineer’s units and we have to find K, which is in 
dynamical units. This is done by the equation— 

K = 14°95K’. 

Minimum Flying Speed when Getting Off.—We are deal- 
ing only with the case where X = 1°0, z.e. the machine is flying 
at its stalling angle. We will work in the engineer’s units used 
generally in other chapters than this. 

Consider a side view drawing of the machine, so set that the 
wings are at the stalling angle of incidence: to do this we take 
the stalling angle of incidence of the model tests as being suffi- 
ciently accurate. 

Then the wind speed, V miles per hour (of which an esti- 
mated stalling value must be taken at this stage) is horizontal. 

Now we know the thrust in pounds T’, and we can write 
down the equation 


Ks 


10°T’ 


B= 1°39a2V? ° . . * (1) 
where B=(1 + 6f —- 1, as on page 68. 
=,j/B+1-1 . ‘ ag) 


Now consider the direction taken by the slip stream on 
leaving the propeller: it has a component V in the direction of 
the relative wind (horizontal) and a component éV parallel to 
the propeller shaft. 
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Now combine these two components graphically on the side- 
view drawing mentioned above, so as to get the direction of the 
slip stream. Draw a line in this direction through the centre of 
the propeller boss to cut the line joining the leading edges of the 
machine in the side-view drawing at a point A. | 

Now turn to the front-view drawing of the machine and 
mark in the point A. 

With A as centre describe a circle of d inches diameter and 
use this circle instead of the propeller circle to compute S’. 

Turn again to the side-view drawing and note the angle of 
incidence of the wings relative to the resultant slip stream direc- 
tion. Then look up the corresponding lift coefficient #,’ for this 
angle of attack from the model tests. 


Now W = °00237[A, max(S — S’)) + & (1 + 6S \(1-467V) 


4) 1960W 
N= pis = 5) 5 Hua 
V, of course, is in miles per hour. Therefore the value of v,, 
in feet per second is given by the equation 
Um = 1°467V. 
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CHAPTER VII, 


WATER PERFORMANCE. 


Genera!l.—The seaplane or flying boat is at an advantage rela- 
tive to her sister of the land in that the sea is an aerodrome that 
is always large enough either for run to get off or for run after 
alighting : there is, therefore, no need to calculate these lengths. 

Again, when a seaplane is launched from the deck of a ship 
she is fitted with a wheel chassis for the purpose, and therefore 
in this case reference can be made to the work of the previous 
chapter, pages 61 and 64. 

On the other hand, while it is true’that any aeroplane that 
can fly can get off the ground, it is zo¢ true that any seaplane 
that can fly can get off the water. We must therefore investi- 
gate, for a seaplane or flying boat, the criterion that she can get 
off in a calm—getting off head to a wind need not be considered 
as it is an easier condition than getting off in a calm. 

Model Tests.—Let L be any fixed linear dimension (say the 
overall length) of a flying boat hull, or of the complete float 
system of a seaplane, and let / be the corresponding dimension of 
a geometrically similar small model of it. 

Let W,, be the portion of the weight of the seaplane that is 
water-borne and let w,, be the corresponding quantity for the 
model. 

Let V be the speed of the seaplane at the time in question 
and let wv be that of the model. 

Further, let the model be run at the same angle as the full 
scale machine. 

Let F be the resistance due to the water for the full scale 
machine and / that for the model. 


Then 
F a 
Vi ee ee ee 
2 2 
provided that - =5 ape > 
Ww Wu 


and L3 - ps . : . , (3) 
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This is Froude’s law of similarity, on which all model testing 
of hulls and floats for flying boats and seaplanes depends. 

When a model is tested specially for a design of seaplane, 
the model is made to a convenient scale and the relation of W,, 
to V is worked out from the consideration that W,, plus W, 
(the air-borne weight) equals W (the total weight) while 


Was We 
Vi Ve 


where V, is the minimum flying speed of the machine at the 
angle of the wings corresponding to the angle at which the float 
is to be run. 

The model is then run at a series of speeds from quite slow 
ones up to v,, loaded at each speed to the value of w, which 
satisfies the above, and then fis measured. 

We have, then, a series of values of f for a series of values 
of v, 


Then | F = 2 af from (1) 
= = Ka from (2) 
_ = (=) ; é , . tF 
and Vs ze . : ras, © 3h 


which is all that we require from the model test to enable us to 
calculate whether the machine will get off in still air. 

If the model is made specially for the machine in question, 
the designer will probably be given F plotted on V instead of 
J plotted on v, and therefore he will not have to do any con- 
verting. 

If, on the other hand, he works—as is more usual—by copy- 
ing the underwater lines of some float system of which tests are 
available, then he must convert the data available to his own 
case by means of equations (F) and (V), being careful to see 
that the conditions on page 71 are all satisfied. This method 
can be used equally to convert from model figures to the machine 
in question or from any available set of full scale figures to the 
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machine in question: in the latter case, F and V refer to the 
designer's machine, while fand v refer to the full scale figures 
he is working from. 

Note.—Float tests are usually quoted in knots instead of in 
miles per hour. Such tests should be converted to miles per 
hour for facility in working in with other performance calcula- 
tions. If a speed V knots is given, this is the same as a speed 
V miles per hour where 

V = irs V. 

Water Performance.—Now let V, miles per hour be the 
getting off speed, z.e. the minimum flying speed for the angle of 
attack of the wings when running on the water, and let P, be the 
horse-power corresponding to V, on the machine performance 
curve. Let V miles per hour be any speed less than V,. Then 
the value of F, the water resistance in pounds, for the speed V 
is known, 

Now the total machine resistance when flying at speed V, is 


375P, 
V 


1 


pounds. 


Therefore at speed V on the water, the total air resistance is 


ey pounds. 
1 


Also the water resistance is F pounds, therefore the gross 


; SoS ZS aa 
resistance is V, (y.) + F pounds. 


Now let P,, be the total effective horse-power required to 
maintain the speed V on the water, then 


ea Vv 
. nee i) 5 F | 


. PL, = ay “+ * ; ; : st Che) 


With the aid of equation (P,,) we can now plot P,, on a base 
of V from V =o to V = V, (where the curve runs into the 
machine performance curve). 

Now let the constant torque propeller curve, z.e. the curve of 
P,. on V, be plotted on the same paper. | 

The Getting Off Condition.— The criterion that the machine 
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should succeed in getting off the water in a calm is simply that 
the P., curve has to lie above the P,, curve all along. 

It will always be found that there is a pronounced hump on 
the P,, curve, which may cut into the P, curve: if this happens 
the machine will not get off ina calm. In fact, it will be found 
that a seaplane which has enough power to get off in a calm 
always has quite a respectable margin of power for climbing, 
once it is in the air. 


CHAPTER VIII. 
BODY RESISTANCE, 


General.— The object of the work is to find the numerical values 
of RK, and R,, that is to say, the aggregate resistance in pounds 
at 100 miles per hour in air of standard density of parts of the 
machine subject and not subject to the action of the slip stream 
respectively.* If great accuracy is not sought for, the slip stream 
effect will be disregarded and the total figure will then be R. 

The procedure is simple and not particularly laborious: it 
consists in making two lists, one of parts in the slip stream, the 
other of parts outside it, and noting the necessary areas and 
other dimensions the need for which will appear in the following 
pages. Then with the aid of the following pages a figure 7, the 
resistance of the item in pounds at 100 miles per hour, is entered 
opposite each item of the list and finally these figures are added 
up and give R, and R,. 

It is most advisable to deal with the machine as a whole and 
not to attempt to work to half the machine and double the result. 

Of course at the present stage the diameter of the propeller 
is not known, and therefore the propeller circle is not accurately 
known. Therefore we must either make a reasonable guess at 
the propeller diameter and leave it at that ; or we can disregard 
slip stream, find R and then go far enough with the work of the 
next two chapters to determine a propeller diameter, and finally 
return and repeat the work of this chapter; alternatively we can 
make a reasonable guess at the propeller diameter, find R, and 
R,, proceed with the work of the next two chapters till we find 
the propeller diameter, and then come back and correct. See 
also the method used on page 182. 


* Bodies in front of a propeller are to be taken as not subject to slip stream. 
action: further, it is sufficiently accurate to assume that the parts affected by slip. 
Stream action are those within the propeller circle in the front-view drawing of the 
machine; the slip stream of a propeller contracts, but this is offset by the forcible 
separation due to the presence of the body: also the slip stream is deflected down- 
wards by the action of the main planes, but in this respect ‘‘ what is lost on the: 
Swings is gained on the roundabouts”. 
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None of these processes is really satisfactory, but they are 
the best we can do. 

Large Bodies.—First obtain the maximum cross-sectional 
area of each such body in square feet, from the front-view general 
arrangement drawing, for instance, and note all such features as 
cockpits, windscreens, or projecting engine cylinder heads and (in 
the case of seaplane floats and flying boat hulls) steps: these 
items are to be dealt with later on in the list: at the moment 
they are to be neglected. 

Let a be the maximum cross-sectional area in square feet : then 
the values of v for large bodies of different types are given in the 
following table :— 


Type of Body. Value of +. 
Tractor fuselage ; ‘ : ; ‘ 2°5a 
Pusher nacelle ; . ; ; . 7a 
Engineegg . ‘ . ‘ z ; 7a ' 
Flying boat hull ; ; d : ‘ 1°34 
Pontoon float . ; ‘ : : 3 6a 


Tail Unit.—The external structural members, king levers, 
etc., are to appear in another part of the list under their proper 
headings of struts, wires, etc. : for the present it is only a question 
of finding the values of r for the fabric-covered surfaces them- 
selves. First obtain the area in square feet of the tail plane (in- 
cluding elevators) and the fin (including rudder), from the plan 
and side view general arrangement drawings, for instance. 

Then the following table gives the required values of 7, a 
being in each case the appropriate area in square feet :— 


Surface. Value of r. 
Tail plane and elevators . ; : . "78a 
Fin and rudder ; : 3 ; ; 58a 


Struts.—First the various struts used on the machine must 
be collected into groups, in each of which all members have their 
cross sections geometrically similar. Then the aggregate frontal 
area of each group is to be noted, and for this purpose it ,is con- 
venient to use one foot long by one inch wide as the unit of area: 
tapered struts are accounted for by taking their actual frontal 


a ———— 


ao 


ES ee 


BODY RESISTANCE 79 


area, of course, not the product of their length and maximum 
width. 

Now take the geometrical shape of the cross section (or take 
the shapes one at a time if more than one type of section is used 
on the machine) and plot it on tracing paper to a scale which 
will make it 1” x 4", reducing the section in different ratios 
horizontally and vertically if it is not of 4 : 1 fineness ratio: before 
doing so, however, if the section has a pointed tail this should 
be rounded as may be judged most suitable, see C, page 8o. 
Next, lay the tracing over shapes A and B, page 80, and then, 
from a consideration of the shape of the traced section relative 
to the shapes A and B, particularly at the tail end, and taking 
account of the actual fineness ratio of the struts on the machine, 
a suitable value of x can be read off from the curves (or at some 
interval between the curves, if the strut is of intermediate type) 
at the top of page 80. It is to be noted that in considering the 
aspect ratio of inclined struts such as chassis struts and the gap 
struts of staggered biplanes, the downwind dimension is to be 
taken and not the dimension at right angles to the length of the 
strut: also when obtaining the frontal area, the length is taken 
in front view—not the true length. 

Then if @ is the aggregate area of front view in terms of a 
unit I” x 1’ — 0’, the aggregate value of 7 for the batch of struts 
is given by— 


r= aX. 


Correction for Shielding.—The shielding effect between front 
and rear gap struts is inappreciable, and no allowance should be 
made for it. 


Correction for Interference.—If any pairs of struts occur side 
by side in the machine at a distance apart which is not great 


compared to the width of either strut, then the resistances of 


such struts are to be increased by multiplying them by the value 
of the correction read off the curve at the top of page 81. If 
the two struts are of different widths, the mean of the two widths 
should be used in reading the curve. 


Wires.—First note the overall length / of each wire in 
inches ; this may conveniently be done by scaling off a front- 
view general arrangement drawing of the machine—in fact, the 
front view length and not the true length is to be taken: also 
note the diameter a’ of the wire in zuzches in the case of piano > 


Fineness ratio 
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wire, or cable, but in the case of stream-line wires, @’ is the dia- 
meter of the tread. Then the value of 7 is given in the follow- 
ing table :— 


Type of Wire. | Value of r. 
| 
Stream-line wire p : F ‘025d’ (1 + 250d’) 
Cable ‘ ‘ , = ; °26 d'(l + 200d") 
Piano wire ; ; é ; ‘2r d’'(l + 300d’) 


The above formule include a suitable allowance for fork 
ends, turnbuckles, splices and ferrules, appropriate to each type 
of wire. It is to be noted that in order that this allowance may 
work out right, the formula is to be applied separately to each 
wire: it is not of course correct to add up a batch of wire lengths 
before applying the formula. 

Correction for Shielding.—As has been explained in Chapter L., 
it is advisable to leave out this correction. If, however, it is 
preferred to include it in dealing with duplicated wires the pro- 
cedure is as follows: First obtain in each case the fore and aft, 
dimension of the wires, and the fore and aft centres distance: 
the latter dimension can be obtained from drawings of fittings, 
Then read off the appropriate correction from one of the curves 
at the bottom of page 81: the value of 7 obtained in the 
ordinary way is to be multiplied by the correction. The correc- 
tion is to be applied to doth the wires. 

Wheels.—Let D be the diameter of the wheel, and d’ the 
diameter of the tyre in mzl/imetres as ordinarily quoted in de- 
fining the size of a wheel, then the values of x corresponding to 
different methods of fairing the wheel are given in the following 
table :— 


Method of Fairing. Value of 7. 
None. : , : 3 ‘ ‘ ‘000184 Dd’ 
Shields extending totherim . ; ; ‘ooorr3 Dd’ 
Shields extending to the tyre . : ‘ ‘000062 Dd’ 


Cockpits.—Let /be the maximum width of the cockpit in 
inches, then the value of 7 is given by the formula— 


vax “FL, 
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It is doubtful whether there is much shielding between two 
or more cockpits in tandem: no allowance should therefore be 
made, but each cockpit should be taken at full value. 

Windscreens are of included in the above. 

Radiators.—If @ is the total frontal area of the radiator in 
square feet, the resistance is given in the following table :— 


Position and Type of Radiator. Value of 7. 
Nose radiator with shutters ; ‘ : ; 14a 
Exposed radiator with shutters. a ‘ 7 29a 
Retractable radiator without shutters . ; ‘ 6a 


The above figures apply to standard honeycomb radiators 
with 10 millimetre by 120 millimetre tubes. 
»: Flat Plates.— Under this heading come such items as 
windscreens, backs of steps of floats and flying boat hulls, backs 
of louvres used for cooling engine bays, parts of fittings project- 
ing normal to the wind, and many small miscellaneous parts. 

First, all such parts are to be grouped together and their 
aggregate frontal area ain square feet for the complete machine 
noted, no allowance being made for any shielding which may 
occur. Then the value of ~ for these items is given by the 
formula— 


y = 20a. 


Circular Cylinders.— Under this heading are included pro- 
jecting heads of engine cylinders, wheel axles if unfaired, and 
sometimes various other odds and ends. 

First obtain the aggregate frontal area a in sguare feet of all 
such parts. Then— 


y= 31a. 


Line of Action of Body Resistance.—The height of this 
line of action is required in certain cases. To find it, first group 
the items of R in batches corresponding to parts at the same 
vertical level. Usually these batches will be (1) Gap struts, 
flying wires, antiflying wires and incidence wires, all reckoned as 
being at a point half way up the gap; (2) Axle and wheels, 
reckoned at the level of the wheel centre; (3) Remainder of 
chassis, reckoned as half way between the wheel centre and the 
bottom of the fuselage ; (4) The fuselage and all items not in-— 
cluded elsewhere, half way up the fuselage at the centre section 
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of the machine; (5) The tail plane and elevators, at the height 
of the centre of the tail plane; (6) The fin and rudder, at the 
height of their approximate centre of area. 

Now let these various batches have resistances in pounds at 
100 miles per hour, totalling respectively A, R,, R;, KR, R,, and 


R,, and let the heights of the specified points above any con-- 


venient datum (such as the top longeron of the fuselage, if this is 
horizontal, or the line of the propeller thrust, or even a line 
put in on the drawing for this sole purpose) be aj, ag, ay, a4, a5, 
and a, 

Then the height of the line of action above the chosen 
datum is 


a,R, + a,k, + a3R, + ak, + ask, + aR, 


The position of the line of action is thus found. 

Note that the positive and negative signs of the a’s are to be 
retained during the calculation, of course. 

Examples. — For numerical examples illustrating the 
methods of this Chapter, see Chapter XV., page 147, and 
Chapter XXIL., page 182. 

Theory. — For theoretical explanations see Chapter L, 


page 3. 
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CHAPTER IX. 
WING CHARACTERISTICS. 


Definitions.—The lift coefficient in non-dimensional units is 
denoted by #, and the drag coefficient by £p; the lift divided by 
the drag or &£,/kp is denoted by L/D; the value of & at the 
stalling angle, ze. the maximum value of £, attainable, is denoted 
by &, max; *,/R,max is denoted by 2X; the centre of pressure co- 
efficient is denoted by &,. 

Aspect ratio is the ratio of the overall span to the length of 
the main chord of the wing: if the aspect ratio is different on 
the top and bottom planes, the mean should be taken. Gap/ 
chord is the ratio of the perpendicular distance between the two 
chord planes to the length of the chord (or to the mean of the 
top and bottom chords, if these differ). Stagger is the angle in 
degrees between the line joining the top and bottom leading 
edges and the normal to the chord. Wing tip shape is considered 
as the ratio of the span of the rounded part of one tip to the 
chord: Dimensions means the product of the chord (in inches) 
of the model used for determining the characteristics of the wing 
section to be employed and the speed (in feet per second) at 
which the test was carried out. 

Tabular Method.—The corrections on the model test values 
of £, max and L/D are most conveniently handled by means of a 
table on the following lines * (see next page) :— 

The left-hand column should be filled in as indicated: the 
next five columns are then to be filled in by referring to the curves 
on pages 88 to 97: the curves are marked with numbers 
corresponding to the > column, the dotted curve in each case 
corresponding to &, ina, Sufficient accuracy is obtained by re- 
cording corrections to three decimal places (some of the curves 
are plotted to scales which render closer reading possible, but 
this has only been done to prevent the curves being too close 
together to be seen clearly). 


* The device of dividing a table by horizontal lines after every third figure will. 
be found very useful and is recommended for general adoption in manuscript work: 
it has the advantage of keeping the figures separate without obscuring the page with 
a complexity of lines. 
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Corrections for 


ri Model | Corrected 
; L/D. L/D. 
Aspect Ratio. | Gap/Chord.| Stagger. | Wing Tips. | Dimensions. 


— aut 


The values of L/D and &, ma, for the model test are then to 
be filled in in the next column, and finally the last column is to 
be worked out by multiplying the five corrections and the model 
figure together horizontally across the page. 

Cautions in Applying the Corrections.—When the model 
wing whose channel tests are being used is a@ 6:1 aspect ratio 
monoplane with square tips (as is usually the case), no special 
caution is necessary. If, however, the test was carried out on a 
model of any other specification, the model tests must first be 
corrected back to standard model by adzvzding by the appropriate 
corrections read off the curves. No long explanation of this 
point is necessary, as it is quite obvious, but it is perhaps as well 
to mention it. 

Often, nowadays, the designer has at his disposal a model 
test on a complete set of wings for his machine with correct 
aspect ratio, gap/chord, stagger, and wing tips. In this case, of 
course, the only correction to apply to the model tests to get the 
last column of the above table is the dimension correction. 

Presentation of Model Results.—Test results received from 
a laboratory are usually in the form of tables giving %,, &, and 
L/D for a range of values of angle of incidence. These can be 
converted readily with the aid of plotting so as to give the values 
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of &, and L/D for values of X from ‘1 to I‘o as required for use 
in our table. For convenience a few of the best wings for 
various types of machine are given hereunder in the required 
form.* 


Tests on 6:1 Aspect Ratio Monoplane Models with Square 
Tips. 3 Inch Chord Tested at 40 Feet per Second: 


Wing. RAGES 35. R.A.F. 16. No. 64. No. 214. R.A.F. 19. 
Xr. L/D. | k | L/D. | &. | L/D. | &. | L/D. k L/D. | &.. 
“f 7°00 | °463 6°22 "605 5°75 | ‘650 2°51 | 1°000 | 2°12 | °623 
2 12°59 | °373 | 12°64 | ‘429 | 11°20 | “450 5°58 *645 4°70 | *525 
"3. | 16°25 | *356 | 15°63 | “384 | 15°50 | °377 | 9°18 | *539 | 6°98 | *485 
"4 | 17°25 | *329 | 16°57 | °350 | 17°80 | “341 | 12°36 | °466] 8°93 | -457 
ee, 16°75 | °310 | 15°94 | °323 | 17°35 | *319 | 14°50 | “415 | 10°55 | *433 
6 15°83 | ‘292 | 14°86 | *307 | 16°20 | *302 | 14°66 | °386 | 11°73 | *415 


i) 14°59 | °*289 | 13°56 | *295 | 14°80 | ‘2gr | 13°65 °363 | I1°70 | .387 
8 I3°II | °285 | 12°18 | ‘290 | 13°50 | °287 | 12°70 *348 | 10°55 | °365 
9 11°65 | °277 | 10°82 | °284 | 12°20 | 280 | 11°25 | °337 | 9°73 | °352 


I*o 7°47 | 288 | 4°77 |*°289 | 9°40 | ‘276 | 8°51 *321 8°30 | *341 


Rimax °513 "568 617 728 845 


Examples.— For numerical examples illustrating the methods 
of this chapter, see Chapter XVI., page 152, and Chapter XXII., 
page 187. 

Theory.— For theoretical explanations see Chapter II., page 
13. 


*It is to be noted that a wing which falls entirely inside one of the wings here 
given when L/D is plotted on kx is completely inferior to the outer wing. There 
are many wings which on this test are inferior to the wings here given, but probably 
few which are better: hence the small number of examples given. 


WING CHARACTERISTICS 


Aspect ratio 


88 
oa) 
orl ¥ Ns 
\ \ 
\ | 
| 
AAA LTT 
b Hs Ff 
N L 
N 
= 
N 
\ 
\ \ \ 
aN A INANS 
\ aN \ 
Lan b N ™ 
<a N N ~ 
NL ty. NK ee 
was N NAAIN AK 
VERN AN RIN OK 
= N ms } N Oo 
. Ae . . © . 
NI 
on dar Ye ee ae 


U012994109 


89 


WING CHARACTERISTICS 


8-/ 


Siv 


paoyg | dop 


L/ 


o/ 


0:136: 9. 


oe ae oa a a ae — 
—— -—— _——— ee ee ee ara — —— 
ae an ee — |-—+ = ee = ae —— 
as ES nt — —— ee ae +-— |+-— 
7 4 ee | | ———| 
| 
— 
| 
SS Se a a= a> ee — | 
_ 
— - Lt = or -— 
nae ——* uae ee eae Ss aa — — 
~~ a nae ays Ee obs ie ge at eee _— 
— a 
= as 
— => aa 
_— a ae — |_— — of 
| 
eae 
Se Le 


0-/ 


I] 


a 


U01299AA09 


—_ — eee 


4ab6ni§ saasbaq 
Z 9 Ly BP ts o / O 


\i\ 
\ 


Sp = 10-1 


== ZO! 


\I\ 


iy 


U012984409 


£0/ 


vol 


WING CHARACTERISTICS 


oO! 


901 


go 


LO 


gI 


WING CHARACTERISTICS 


72 


4 


og 


4ah6n}§ 8saaibaq 
8/ 


6/ 


Z/ 


9/ 


S/ 


v/ 


¢/ 


é/ 


66: 


tn 
— 
_— 
—— 
— 
| 
i 
Lt 
— 
= ===>— eee 
_—| me 
———— a =—— 
= a | — - 
a nn > a - a — 
= a —-~ _— 
= — = ae a 
— —— i 
— a ee - = —— 
ss few x ae 
4 
— ——] — - = = _ 
— > a — z 3 a 
S Lt + — I —— 
BSH —— ae | | La 
— 
| i ei ed —T me Ea 
- — 
+L . 4 = Lt = —_— 
a _——— | -_ 
| a ane 
ao — 
— 
——] 
Lt 
— 
—T 
i 
e “oT 


00/ 


/0] 


c0/ 


£0 / 


00/ 


SO/ 


90:/ 


£0] 


u0l]084409) 


WING CHARACT ERISTICS 


g2 


dl 


i 


— 


Z: 


9: 


ca 


” 


= 


{fo papunos spsoya fo saquny 
Ss: 


De 


Rt 


a 


| 


el] 


£/-/ 


bil 


0:/ 


S/-/ 


U01}994109 


93 


WING CHARACTERISTICS 


{fo papunoa spdoya fo saquny 


66° 


10-/ 


£0-1 


00-/ 


2/ /} 0-1. rx 9. °. oP Sal | od ER 
Z *~ 
a 
/- _ _ 
v4 
v4 L 
i 
A. L [ 
a a A [ 
. e- A 
A Fe A Yh 
4 L "A f, 
| | & 7! | AL 
é L a. 
y g J VA 
Pa Pd 
x ‘4 
6: 4 
pue 
Z e f , 
ty we ae 2 L | 
c Lf I 
fer a X. ] 
v: — ra is / 
=e a ff y yl 
+t — Ps 7 
Lo ~ 
— ry LZ Vi 
a L 
8° — A = TT 
Be tA Vs 
> — y 
L 
y, [ 
| VA 
/ 
Z L 
9° 8: S: BZ: O/ 


40/ 


£01 . 


U01}98409 


WING CHARACTERISTICS 


94 


v2 


£2 


oe 


he 


{fo papunoa spaoyo fo saquny 


0-2 


6:/ 


8:/ 


Z:/ 


9+] 


Sl 


vl 


&-/ 


cl 


Ol 


| 


Cl 


£/-/ 


vl] 


SI] 


01> 


9/-] 


A | 


U012994109 


95 


WING CHARACTERISTICS 


(Giun st 1. = ¥ 40f uoysataor ay) {fo papunod Spsé0yoa {0 AaqQuny 


76. -£6 Ad BG. The 6:/ 9:/ rat 9/ S/ La S/S 


10-1 


| 
67: | ) 

=—-__ om ie rA GT | 

e: = oe oe 1 : 
ee 1) 
v: eee eee 
br ed ee 
+. —— a 
———— ee 
_—— 4 ——— 
tl yoy 
ee a een eee ——.! } 

a — i ads ie Ga hea _~— 

9: FE Peter eee tt Teese $07 
90:/ 
£019 

——* Z: 
——T 
ee ae — 
on ar nee Ee 
" aa 80:1 
_——— ~~ 
tT 
— 
1:89: 60-/ 


U012994409 


WING CHARACTERISTICS 


ima 


10. 120 130 140° #50. 160 170 
Dimensions 


100 


90 


— 
— — 
— — 
— = 
— — 
7 — 
— 
a 
— 
-_ — 
wD ee) 
. ° . 
< 2 3 2 g = > S 


U01}2004109 


1:08 


97 


(¢g2un st 0.1 = V A0f 0019994409 ay fT) » Suolsuauiig 


WING CHARACTERISTICS 


OLI 09! Os! Ov! Os! OZ! Ol! OO! 06 00-1 
| 2 . + 
— bs —_ 
= iy NIUTOWN = 
= == =] 7 
<P = ~ —~ N ~ 10-1 
=e NX >< = MS i 
SOS TL ~ N \ NN 
By && Tet NN * N 
+=INS ; > ad de 
Xt <=: NPB 6 = 
8 Se Ss ~ AB SS 
b Wes ‘ie N 
“NSCAPRSS SCALES 
x > N 
ENRSE a TES £0-/ 
NEA Te Be N SN LEAK 
% Ny i OR 
NN . NCEEEN 
‘aN K 
Na < iN . 5: b0-/ 
AY * \ N 
QT s 3 
NL . 
\ \ . \ \ \ SO/ 
\ \ \ 
4 ‘ol. 
‘ LY is 
\ 90-/ 
\ \ GRY . 
\ \ 
\ NOK ELE 
\ x . ZO/ 
L_\ Zt 
\\ \ 
\ ay 80:1 


U01209L409 


98 


CHAPTER X. 


_ PROPELLER PERFORMANCE CURVES. 


General.—The problem is to find a curve giving P., the effective 
thrust horse-power available for flight, plotted on a base of V, 
the speed of the machine, on the assumption that the engine is 
working at normal ¢orvque, and another curve giving, on a base of 
V, P,, the effective thrust horse-power available for flight on the 
assumption that the engine is working at normal vevolutions—all 
in standard density air. 

Further, we have to find what these two curves become when 
the machine is at a given altitude. 

Definitions.— 

V is the.speed of flight in miles per hour in standard den- 
sity air. 

V, is the designed speed of the propeller in miles per hour, 
that is to say, that when the machine is flying (and perhaps 
climbing) at this speed with the throttle full open, the engine 
will develop its normal revolutions and its normal B.H.P. in 
standard density air. 

P,.and P, are the effective thrust horse-power available for 
flight with the engine working at full throttle and normal revolu- 
tions respectively in standard density air. 

H is the normal brake horse-power in standard density air. 


FP 
Ht 

P 
™ 


m, is the normal rate of revolution of the propeller in revolu- 
tions per minute. 
d is the diameter of the propeller in inches. 


Vo 
J na 
o is the ratio of the air density at an altitude to standard 
air density, and is plotted on page 104. 
V’ is the speed of flight in miles per hour at an altitude. 
P,,’ and P,’ are the values at an altitude of P, and P,.. 
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Propeller Diameter.—If the propeller has already been 
designed the diameter is of course known: otherwise the best 
diameter for an ordinary case is given by the following formule 
due to H. C, Watts :— 


For 2-bladed propellers, 


and for 4-bladed propellers, 
| PY aah 5 ae 
1112, Vo 

‘The designer is here confronted with the necessity of deciding 
whether to use a 2-bladed or a 4-bladed propeller: this is a 
problem of aeroplane design, not of aeroplane performance cal- 
culation, and, therefore, we will merely here point out the 
obvious advantages in reduced height of chassis, increased 
efficiency and steadier running enjoyed by the 4-bladed type as 
an offset to its greater cost and its inconvenience for transport 
—the weights being approximately equal in the two cases. 

The designer must also now decide what value of V, he will 
use. This again is a design problem, but it is interlocked with 
the performance of the machine, and hence in a sense with the 
performance calculation. It may, therefore, be opportune to 
make some remarks on the choice of V,. 

For a racing machine the end to be aimed at is to make V, 
close to the top speed at ground level—as yet not known. 
On the other hand, for a weight carrying machine in which top 
speed is not important, the aim would be to make V, approxi- 
mate more to a speed of good cruising economy. Again, for a 
machine designed to meet a definite circumscribed specification, 
if the conditions laid down tend to produce a machine defective 
in climb, but on the safe side for top speed, a low value of V, is 
suitable, and vice versa. 

Probably the best thing to do will always be to make a shot 
at the best value of V,, and then, at a later stage, go back and 
try a larger or smaller value to see if that will improve the 
machine for its intended purpose: it will be found, by the way, 
that an alteration of V, by 10 miles per hour does not make a 
lot of difference to the performance. ) 

In brief, the designer is advised to find the best value of V, 
by a system of intelligent trial and error. 

The above decisions having been made, d@ can be found from 
the appropriate formula, and noted. 


d = 10,000 
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Propeller Performance Curves in Standard Density Air. 
—Reference must now be made to the curves on pages 100 
and 101: these are founded on Bolas’ curves for the output of 
well-designed propellers: they give y, and 7, plotted on a base 


of J for a series of values of a these values being marked on 
0 
the curves. 
The next thing to do is to draw up a table on the following 
lines :— 


Vo Nye Nr V. Pr Pr: 


Oar 


bare) 
1°2 
I"4 


V, has been decided on, @ has been found and m is known, 
therefore J can be found from the formula— 
Vo 
Lee 
The second and third columns in the table can now be filled 
in by reading 7, and », from the appropriate curves at the value 
of J determined, . 


V, and H being known, the last three columns can be filled 
up,* remembering that 


P,. = Hn, and P, = Hn,. 


The last three columns contain the necessary data for plotting 
P,.and P, on a base of V, z.e. the propeller performance curves 
in standard density air. It is advisable not to plot these curves, 
however, at the present stage, but to plot them later on over the 
machine performance curve in standard density air. 

Propeller Performance Curves at an Altitude.—First, 
draw up a table in the following form, allowing for six horizontal 
lines of figures :— 


* It will always occur at ¥ = I'o that nr = yr and Py = Px. 
0 
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The first thing to do is to fill up the V and P,, columns by 
copying from the previous table. 

The altitude to which V’, P,’, and P,’ refer must now be 
noted. Probably the altitude will be one at which it is desired 
to find the top speed of the machine in order to see whether. the 
design meets a particular specification, or perhaps the designer 
wishes to investigate the performance at a series of altitudes—in 
which case additional sets of two columns with headings suitably 
distinguished from one another will be required. However that 
may be, the altitude is now considered as known. 

The altitude being known, oa is found by reference to the 
curve on page 104. | 

o, is a quantity defined by the equation— 

Mee i 


1 = —— 
q 
where f = ‘262 and g = ‘738 for rotary engines, while f = ‘161 
and g = ‘839 for stationary engines. . 
The last two columns of our table can now be filled up by 
using the formule— 


Vi = V,/ and P,’ = Poin) = 


The last two columns contain the data for plotting the pro- 
peller performance curve for full throttle at an altitude, but again 
it is preferable to delay the actual plotting until the machine 
performance curve at the altitude is ready. 

It is to be noted, by the way, that the zzdzcated torque at the 
altitude is o times that for standard density air. 

Now draw up a table in the following form, allowing for six 
horizontal lines of figures :— 
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I] 


1-0 


P a 


» A 


O 10,000 20,000 3Q000 40000 50000 60,000 70000 
Feet 
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V. Pe Vv’. Pp,’ 


Then fill in the V and P, columns by copying from the table 
of propeller performance in standard density air, and fill in the 
last two columns by using the formule— 

V’ = Vand P,’ = of,,. 

The last two columns contain the data for plotting the con- 
stant revolutions propeller performance curve at the altitude. 
The revolutions to which it corresponds are the same as the full 
revolutions for standard density air. 

The above completes the determination of the propeller per- 
formance curves for the general case where the propeller has not 
yet been designed. In the particular case, however, where the 
propeller design has already been carried out, the required data 
will be supplied by the propeller designer, and the above method 
need not of course be used. 

Racing Propellers.—Reference has already been made to 
the case where it is desired to have a propeller to give the maxi- 
mum possible top speed to the machine in standard density air: 
in this case the best value of V, is definitely fixed and can be 
found as follows :— 

Having decided the question of 2-bladed or 4-bladed pro- 
peller, draw up a table in the following form :— 


Vy. d. 2 Ne P,. 


Fill up the first column with three or four values of V,—say 
differing successively by 10 miles per hour—so as to form a 
range of speed ample to cover any top speed that the machine 
may develop. Then fill in the second column by using which- 
ever of Watts’ formulz applies. Then fill up the third column 
by using the definition of J. Then fill up the fourth column by 
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referring to the curves on page 100, making use only of the 
curve marked 1°0. Finally, fill in the last column by using the 
formula P,, = H7,. 

The first and last columns suffice to plot P, on a velocity 
base: if this curve is plotted (at a later stage) on the machine 
performance curve and the speed at which the curves cut is noted, 
this speed is the best value of V, for the racing machine, but this 
curve of P., is xo¢ the propeller performance curve. 

If it is desired to get the greatest possible top speed at an 
altitude instead of in standard density air, the above procedure 
is not applicable, and it is necessary to resort to trial and error, 
as will appear later. 

Multi-Propeller Machines.—When each propeller is direct 
driven by a single separate engine, first treat each power unit 
separately and then add up their separate contributions to P,,, P,, 
Band Po 

When a propeller is driven by more than one engine or an 
engine drives more than one propeller, no difficulty will be found 
in modifying the above processes to meet the case. Note, how- 
ever, that the mechanical losses in the gearing will modify the 
values of H, #, and g-: this applies also to a geared propeller in 
the case where part or the whole of the gearing is specially 
designed for the machine, and has not therefore been included in 
bench tests at the engine works: in considering this case refer- 
_ ence should be made to Chapter III., page 16. 

Tandem Propellers.—The case of tandem propellers is too 
complex to admit of treatment on the lines of the rest of this 
book. If such a case occurs, reference should be made to “ The 
Design of Screw Propellers for Aircraft,” by H. C. Watts.* The 
subject is treated fully in Chapter XII. of that work. 

&xamples.—For numerical examples illustrating the methods 
of this chapter, see Chapter XVII. page 153, and Chapter XXII, 
pages 188, 195, and 196. , 

Theory.—For theoretical explanations see Chapter III., 
page 16. 


* Published by Messrs. Longmans, Green & Co. 
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CHAPTER XI. 


MACHINE PERFORMANCE CURVE. 


General.—The machine performance curve is the plotting of P 
on a base of V for standard density air, or of P’ on a base of V’ 
when flight at an altitude is under consideration. 

The Machine Performance Curve in Standard Density Air. 
—One of the four following methods should be used. 

The First Method is for approximate work only. 

The Second Method should not generally be used. 

The Third Method is for accurate work, except on flying boats. 

The Fourth Method is for accurate work on flying boats. 

There is also a very useful Variant of the Third Method 
which is recommended for use in the majority of cases. 

First Method.— 

W is the total weight of the machine in pounds. 

S is the total area of the wings in square feet. 

R is the total body resistance in pounds at 100 miles per 
hour, and has been found by the method of Chapter VIII., page 
77. If, however, the work of Chapter VIII. has been done in 
the form of finding R, and R, instead, then R = R, + R,. 

Rk, max and L/D are corrected values for values of X from ‘I to 
1‘0 and have already been found by the method of Chapter IX., 
page 85, where they will be found in the last column of the first 
table. 

V is the speed of the machine in miles per hour in standard 
density air. 

P is the effective horse-power required to maintain horizontal 
flight at V miles per hour in standard density air. 

Now write down the numerical values of W, S, &, max, and R. 

Then work out and write down the numerical values of— 


ae I96W Ra 
Sy max 10* 


Then construct a table in the following form :— 


and B = 
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Next fill up the ) column as shown and the L/D column as 
explained in the definition of L/D given above. Then work out 
the columns in succession. 

The last two columns then give the values of V and P, which 
can be used to plot the machine performance curve for standard 
density air under the assumptions of the First Method. 

Second Method.— 

W is the total weight of the machine in pounds. 

S is the total area of the wings in square feet. 

c is the chord of the wing in feet. 

/ is the horizontal distance in feet from the c.g. of the machine 
to the c.p. of the tail plane.* 

é’ is the horizontal distance in feet from the leading edge of 
the equivalent chord + to the c.p. of the tail plane. 

R is the total body resistance in pounds at 100 miles per 
hour, and has been found by the method of Chapter VIIL, page 
77. If, however, the work of Chapter VIII. has been done in 
the form of finding R, and R, instead, then R = R, + R,. 

k.max and L/D are corrected values and have already been 
found by the method of Chapter [X., page 85, where they will 
be found in the last column of the first table. 


*It is sufficiently accurate for our purpose to assume that the c.p. of the tail 
plane is at the front tail plane spar. 

+ The leading edge of the equivalent chord is on the line joining the top and 
bottom leading edges of the biplane, and at a distance above the leading edge of 
the bottom plane of ‘55 of the gap. 
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k, is the centre of pressure coefficient, to which no corrections 
need be applied. 

V is the speed of the machine in miles per hour in standard 
density air. 

P is the effective horse-power required to maintain horizontal 
flight at V miles per hour in standard density air. 

Now write down the numerical values of W, S, &, may R, 6 
Z, and 7’. 

Then work out and write down the numerical values of— 


_ 196W eo Ra 
J eae 10” 
y= Z and 6 = a3 
c G 


Then construct a table in the following form :— 


W B aL/W|. «VL/W 
. D. . — ke. — Y . . B =—F; IT, . => . = . 
A. |LID,| Re. |8— he. L[W= 5. |.) ©. fem t lV a/ Pa 


La 
Pn RE ares 


Next fill up the % column as shown and the L/D and &, 
columns as explained in the definitions of L/D and &, given 
above. Then work out the columns in succession. 

The last two columns then give the values of V and P, which 
can be used to plot the machine performance curve for standard 
density air under the assumptions of the Second Method. 

Third Method.— 

W is the total weight of the machine in pounds. 

S is the Zofa/ area of the wings in square feet (including S’). 

S’ is the area in square feet of that part of the wings which. 
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is subject to the action of the slip stream. S’ is obtained by 
reducing S in the ratio of the sum of the lengths of such parts 
of the top and bottom leading edges as fall within the propeller 
circle in front view to the sum of the lengths of the top and 
bottom leading edges for the whole machine in front view. 

c is the chord of the wing in feet. 

Z is the horizontal distance in feet from the c.g. of the 
machine to the c.p. of the tail plane.* 

/’ is the horizontal distance in feet from the leading edge of 
the equivalent chord + to the c.p. of the tail plane. 

d is the diameter of the propeller in inches. A reasonable 
trial value (if not the final value) of this has already been found 
by the method of Chapter X., page 98: this value is to be used 
for the present calculation. 

R, and R, are the body resistances in pounds at 100 miles 
per hour already found by the method of Chapter VIII., page 
77, R, corresponding to parts in the slip stream and R, corre- 
sponding to the rest of the machine. 

Remax and L/D are corrected values for values of X from 
‘I to 1:0 and have already been found by the method of 
Chapter IX., page 85, where they will be found in the last 
-column of the first table. 

k, is the centre of pressure coefficient, to which no corrections 
need be applied. 

V is the speed of the machine in miles per hour in standard 
‘density air. 

P is the effective horse-power required to maintain horizontal 
flight at V miles per hour in standard density air. _ 

Now write down the numerical values of W, S, S’, A, max 
hy; hal G ey ana 

Then work out and write down the numerical values of— 


| 72R pa eae By 
dai 2e 1 ae as, 
hee es d= "00514, max; 
Ww Z a 
TENDE sata sees k os d = — 
a ad rs bc 7 c an 6 Cc 


Then construct a table in the following form :— 


* It is sufficiently accurate for our purpose to assume that the c.p, of the tail 
-plane is at the front tail plane spar. 

+ The leading edge of the equivalent chord is on the line joining the top and 
“bottom leading edges of the biplane, and at a distance above the leading edge of the 
-bottom plane of *55 of the gap. 
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Next fill up the >) column as shown, and the L/D and &, 
columns as explained in the definitions of L/D and &, given 
above. Then work out the columns in succession. 

The last two columns then give the values of V and P, which 
can be used to plot the machine performance curve for standard 
density air under the assumptions of the Third Method. 

There is a Variant of the Third Method, which is much to be 
recommended for regular use. It takes account of slip stream 
effect, but disregards centre of pressure. 

To use the variant, simply drop out of the work 7, 7, ¢, ky y, 
and 6, and put L/W = 1. 

Then in the table of page 111, the third, fourth, and fifth 
columns are not required, and L/W can be omitted from the 
next to the last column. 

Fourth Method.— 

W is the total weight of the machine in pounds. 

S is the zota/ area of the wings in square feet (including S’). 

S’ is the area in square feet of that part of the wings which 
is subject to the action of the slip stream. S’ is obtained by 
reducing S in the ratio of the sum of the lengths of such parts of 
the top and bottom leading edges as fall within the propeller 
circle in front view to the sum of the lengths of the top and 
bottom leading edges for the whole machine in front view. 

¢ is the chord of the wing in feet. 

Z is the horizontal distance in feet from the c.g. of the machine 
to the c.p. of the tail plane.* 

/' is the horizontal distance in feet from the leading edge of 
the equivalent.chord f to the c.p. of the tail plane. 

dis the diameter of the propeller in inches. A reasonable 
trial value (if not the final value) of this has already been found 


*It is sufficiently accurate for our purpose to assume that the c.p. of the tail 
plane is at the front tail plane spar. 

+ The leading edge of the equivalent chord is on the line joining the top and 
bottom leading edges of the biplane, and at a distance above the leading edge of 
the bottom plane of ‘55 of the gap. 
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by the method of Chapter X., page 98: this value is to be used 
for the present calculation. 

h, is the height in feet of the centre line of the propeller shaft 
above the line of action of the body resistance. This line of 
action has already been found by the method of Chapter VIIL., 
page 77. 

h, is the height in feet of the centre line of the propeller 
shaft above a point half way between the top and bottom leading 
edges. 

R, and R, are the body resistances in pounds at 100 miles 
per hour, already found by the method of Chapter VIII., page 
77, R, corresponding to parts in the slip stream, and R, cor- 
responding to the rest of the machine. 

~ Remax and L/D are corrected values for values of X from 
‘I to 1°0, and have already been found by the method of 
Chapter IX., page 85, where they will be found in the last 
column of the first table. 

k, is the centre of pressure coefficient, to which no corrections 
need be applied. 

V is the speed of the machine in miles per hour in nae 
density air. 

P is the effective horse-power required to maintain horizontal 
flight at V miles per hour in standard density air. ) 

Now write down the numerical values of W, S, S’, &,mazs 
R,, R, 6 4 f’, d, 2, and 4,. 

Then work out and write down the numerical values of— 


, 7°2R poe Ry +R 
etd agian oP aes 
c = ——— | d' oo ‘OO5 12, max> 
a = WZ B=ad+ Ue 
A’ = Bl B’ = Be 
C’ = hb’ D' = hd’ -(h - hy) 8. 


Then construct a table in the following form :— 


114 AEROPLANE PERFORMANCE CALCULATIONS 


gv® 
3750 


P 


a 
v 


A’-¥». Vaal : 


: Cae 
B Ret op v 


T= 


Dd 
L/D’ 


MACHINE PERFORMANCE CURVE 115 


Next fill up the X column as shown and the L/D and &, 
columns as explained in the definitions of L/D and &, given 
above. Then work out the columns in succession. 

The last two columns then give the values of V and P, which 
can be used to plot the machine performance curve for standard 
density air under the assumptions of the Fourth Method. 

The Machine Performance Curve at an Altitude.—First 
draw up a table in the following form, allowing for ten horizontal 
lines of figures :— 


V. ee Vv’. of 


This table can, of course, be drawn up as an extension of the 
table used to find the machine performance curve in standard 
density air, in which case the first two columns are already filled 
up. If, however, the table is a separate one, the first thing to 
do is to fill up the first two columns by copying out the last two 
columns of the previous table. 

Now fill up the last two columns with the aid of the formule 


ee eS Neate, 


ale /o 
where o is found for the altitude under consideration by reference 
to the curve on page 104. 

The above procedure is the same whichever method has been 
used to find the machine performance curve for standard density 
air. 

Examples.—For numerical examples illustrating the methods 
of this Chapter, see Chapter XVIII, page 155, and. Chapter 
XXII., pages 188 and 194. | 

Theory.—For theoretical explanations see Chapter IV., page 
21. 
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CHAPTER XII. 
AIR PERFORMANCE. 
I. GLIDING FLIGHT. 


Landing Speed on Glide.—This has no particular meaning at 
an altitude, but the figure is included for the sake of complete- 
ness. The First Method is less accurate, but not much so, than 
the Second. 

Definitions —W is the total weight of the machine in pounds. 

S is the total wing area in square feet. 

k, max is the corrected value already found under the heading 
of wing characteristics. 

o is plotted against altitude on page 104. 

Z is the distance in feet from the c.g. of the machine to the 
c.p. of the tail plane (or front spar of the tail plane will do). 

/' is the distance in feet from the leading edge of the equi- 
valent chord (°55 up the gap) to the c.p. of the tail plane. 

cis the wing chord in feet. 

k, is the uncorrected value of the centre of pressure coefficient, 
in this case being limited to refer to its value when A = I’0, 

First Method.—In standard density air— 


196W 
v= 4a 
and at an altitude *— 
the 196W 
i ey VE 


Second Method.—In standard density air— 


ee af 196WZ 
~ NSA gadll — ee) 


* See footnote to page 117. 
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and at an altitude *— 


i 196WZ 
Nikce \ oSK, mate — ch,) 
Gliding Angle.— 
R is the total body resistance as found by the method of 


Chapter VIIL, page 77. 
Rk, max and L/D as found by the method of Chapter IX., page 


85. 
S is the total wing area in square feet. 
@ is the gliding angle in still air, ze. the ice ates of the 
gliding path to the horizontal. 
Now write down the numerical values of R, pie and S. 
Then work out and write down the numerical value of— 


ZR 
sanity: FIRS 


Then construct a table in the following form (see next page). 

Next fill up the ) column as shown and the L/D column as 
explained in the definition of L/D given above. Then work out 
the columns in succession. 

The last column gives the tangent of the gliding angle in 
still air, and the result is independent of altitude, that is to say, 


* As a matter of fact this formula is not quite useless, as in hot countries the 
average air density is below standard: the same applies to England in the summer, 
and applies strongly to countries like Mexico and South Africa which lie at a great 
height above sea-level: on the other hand, the accepted figures give the normal air 
density in England as rather above standard (see curve on page 104). The matter 
becomes of importance when designing machines for foreign countries or quoting 
performance of existing types of machines to foreign buyers. The following table, 
kindly communicated to the author by G. E. Petty, will be found very useful in this 
connection: it gives what may be called the effective height in feet of the local sea- 
level at the worst time of year for a number of places. Every feature of the per- 
formance of a machine is, of course, affected by these considerations :— 


Adelaide . . 4150| Cape Verd’ . 3620/ Mexico. . 4450| Singapore 3520 
Aden ‘ - 4550| Ceylon . - 3550 | Morocco . 3400/St. Louis 3550 
Archangel . 2550| Constantinople 3550| New Orleans 3550| Stockholm 2500 
Auckland . 3200| Delhi. . 4900} New York . 3400|Sydney . 3950 
Bagdad . - 4520| Durban . . 3220| Panama . 3500 | Tokio - 3400 
Banana-Congo 3700| England. . 2350| Pernambuco . 3490| Tomsk _. 3320 
Bombay . . 4600 | Freetown . 3550| Pekin . . 3620] Trinidad . 3500 
Brisbane . . 3900|Iceland . . 2180| Port Darwin . 3920| Tripoli . 4150 
Buenos Ayres . 4100| Khartoum . 4600 | Pretoria - 3550| Valparaiso 3450 
Cairo ; . 4120|Lima . . 3150 | Quebec . . 2500 | Vancouver 3000 
Calcutta . . 4500| Madras . . 4400 | Riode Janiero 3520} Winnipeg 3500 
Canton . . 3620| Madrid . . 3800 | Salt Lake City 3580 | Zanzibar . 3520 
Cape Town . 3200| Melbourne’ _. 3950 | San Francisco 3400 
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A. L/D. 


~Ia 


L/D" 


ou 


I‘°o 


that for a given value of \ the gliding angle at any altitude is 
the same as in standard density air. 

To find the best gliding angle in still air, plot the last column 
against \ and note the minimum value: this is the tangent of 
the best gliding angle in still air. Note also the value of ) to 
which it refers, as from this, by a reference to the machine per- 
formance curve of the First Method for standard density air, the 
best gliding speed can be noted. At an altitude the best gliding 
angle is the same as that found above, but the machine speed 
(which is the pilot’s guide) is higher at a greater altitude. 
Fortunately, however, the Air Speed Indicator Reading suffers the 
same correction, so that the best gliding speed at any altitude is 
obtained by holding the machine on an Air Speed Indicator 
Reading equal to the best gliding speed as found above. 

Gliding in a Wind.— 

v is the wind speed. 

¢ is the gliding angle relative to the ground. 

W is the total weight of the machine in pounds. 

Tan @ has already been found for each value of % in the im- 
mediately preceding piece of work. 

First write down the numerical values of W, R, and a (taking 
the last two from the immediately preceding work), and decide 
on a wide series of values of v (say 7, Ve, V3, etc.) in standard 
density air over which to carry the investigation. Note that the 
range should extend to negative values of v. 

Then construct a table in the following form :— 
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Next fill up the first three columns by copying from the 
immediately previous work. Then work out the columns in 
succession. . 

The table should, of course, be extended beyond the limits 
here shown, by adding three additional columns for each of the 
values v2, U3, etc., of v, 

Now plot tan ¢,, tan ¢,, etc., all on V asa base, and note 
the minimum value of each curve: these minimum values are the 
tangents of the best gliding angles relative to the ground in 
standard density air against head winds of strength wv, vs, etc. 
Let these values be called tan ®,, tan ®,, etc, Also note the 
values of V at which they occur, and call them V,, Vg, etc. 

Now draw up another table in the following form, allowing 
for as many horizontal rows of figures as there are values of v 
included in 7, v3, etc. :— , 


V. v. tan . v’. 


Next fill up the vw column with the values v,, v,, etc., the 
tan ® column with the values tan ®,, tan ®,, etc., just deter- 
mined, and the V column with the values Vj, Vo, etc., just de- 
termined, 

Now from the altitude at which the values of v’ are required, 
find o from the curve of page 104, and then fill in the v’ 
column, using the relation— 


, 


fe ed 
r/o 

The table can be extended to the right to include any number 
of altitudes desired. 

Thus we have, at any altitude desired, a column of wv’ against 
which the V and tan ® columns can be plotted, giving the Azr 
Speed Indicator Reading for best gliding angle relative to the 
ground, and the tangent of the best gliding angle relative to the 
ground, all plotted against the velocity of the head wind. 

These curves, of course, include such information as is given 
by the immediately preceding piece of work, but in a slightly 
less approximate form. 
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II. FULL POWER FLIGHT. 


Top Speed.—Let the curves of machine performance and 
propeller performance be plotted over one another. Then the 
top speed is given by the intersection of the machine performance 
curve with whichever is the lower of the two propeller perform- 
ance curves. 

For this purpose the First Method of calculating a machine 
performance curve gives only approximate results, and the Third 
Method should be used instead. 

Top Speed at an Altitude.—The procedure is the same as 
above, but the curves. for the altitude in question are to be used 
instead of those for standard density air. 

Racing Machines.—In the case of a machine solely designed 
for best top speed in standard density air, the intersections of 
the P,.and P, curves with the P curve are identical in standard 
density air, and at altitudes no ambiguity will be found to arise: 
the ordinary method given above will be found to apply. 

Rate of Climb.—There are three methods available, but, 
as has been explained in Chapter V., page 35, only the First 
Approximation should ordinarily be used. The Second Ap- 
proximation is advisable for machines whose rate of climb is 
exceedingly large, but to obtain accuracy logarithms should be 
used with this method rather than a slide rule. The Third 
Approximation is really hardly worth while: it is, however, 
included here since, if concluded by the use of the method of the 
Second Approximation, it is the most accurate at present avail- 
able. 

First Approximation. — Referring to the above-mentioned 
curves for P, P,, and P, plotted on V, and calling P, the value 
either of P, or of P,, whichever is the lower at each value of V 
considered, and calling the climb in feet per minute C— 

P,- P 


= SEP Se 
C = 33,000 Ww 


where W is (as usual) the weight of the machine in pounds. 
There is a value of C corresponding to each value of V, and, 
therefore, a plotting is necessary to determine the maximum value 
of C, and the value of V at which it occurs. 
The procedure at an altitude is the same, but the curves for 


P’, P,’, and. P,’ on V’ are used, of course, instead of the curves 
for P, P,, and P, on V. 
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The method is only approximate, even if the P curve is got 
from the Fourth Method. 

Second Approximation.—This approximation, though con- 
siderably more laborious than the first, gives results differing 
appreciably from it only in the case of machines which are really 
very strong climbers: its use should therefore be limited to such 
cases, 

Construct a table in the following form, providing for say 
half a dozen horizontal lines of figures :— 


xi 
> I 
Oi+ 
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Fill in the V column with a few values chosen so as prob- 
ably to include the speed for best climb. Then fill in the P, and 
P columns by referring to the propeller and machine performance 
curves for these values of V. Then work out the columns in 
succession : for this it may be necessary to use logarithms in 
order to obtain sufficient accuracy. 

Finally, plot C against V to find the maximum value of C, 
the rate of climb in feet per minute, and the value of V at which 
it occurs. For work in standard density air, this value of V is 
the Air Speed Indicator Reading for best climb. 

The same procedure exactly applies to an altitude, but in 
this case the propeller and machine performance curves for the 
altitude must of course be used instead of those for standard 
density air, while the value of V’ obtained is the true air speed, 
not the Air Speed Indicator Reading for best climb. 

Third Approximation.—The procedure in this case is really 
first to obtain a machine performance curve corrected for the 
full power climbing slip stream and then to apply the First 
Approximation to the result—or the Second Approximation in- 
stead if the machine is a very strong climber indeed. 

With the usual notation, write down the numerical values of 
Ry, S’, 2, max, 2, and W and then work out and write down the 
numerical values of— 


hh Sal B. ties and B = =. 

Then construct a table in the following form (see next page). 

Next fill up the \ column as indicated and the L/D column 
with corrected values taken from the wing characteristic work. 
Then turn to the calculation of the machine performance curve 
done by the First Method or the Second Method (the Third 
Method or the Fourth Method must zot be used, as part of the 
slip stream is already allowed for in them) and fill in the V and 
P columns. Now turn to the propeller performance curves and 
fill in the P, column for the values of V in the V column. Then 
work out the remaining columns in succession. 

Finally, plot P, on Vj, forming a new machine performance 
curve which is practically correct for climbing conditions, and 
then apply to it the method of the First Approximation. 

The procedure at an altitude is to repeat the whole of this 
work, starting from the machine performance curve calculated on 
the First Method or Second Method and the propeller perform- 
ance curves, all for the altitude in question instead of for standard 
density air. 


a= 
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In consequence, the accurate calculation of climbs at all alti- 
tudes is very laborious. 

Fortunately, however, the curve giving the rate of climb 
plotted against altitude is generally quite a fairly straight one, 
so that it is sufficient to calculate the rate of climb at three 
altitudes only, namely, one a little below the estimated ceiling ; 
one for standard density air, and one intermediate altitude. 

Times to Altitudes.—C’ is the rate of climb in feet per 
minute at an altitude. Plot C’ against altitude. Then, if the 


plotting is zo¢ approximately a straight line, plot = against 
altitude in feet. The.time to any required altitude is then the 
area under the curve from the altitude of ground level to the 
altitude in question. 

But if the plotting of C’ on a base of altitude zs approximately 
a straight line, draw in that straight line which is the closest 
approximation to the curve, and let it give C’ = ¢ at ground 
level and let it give C’ = 0 at a, feet above the ground. 

Then the time ¢ in minutes up to any height a feet above 
ground (where a is between 0 and a,) is given by the formula— 


i= 2°303a, log, ( ay ‘ 
c 


Ceiling.—If these are not already available in curve form, 
plot the machine performance curve (P on a base of speed) and 
the constant torque propeller performance curve (P,, on a base of 
speed )—both for standard density air. 

Then lay over this the celluloid throttling curves * so that 
the axis of speed of the throttling curves lies on the axis of speed 
of the P and P,, curves, while the axis of horse-power of the 
throttling curves lies on the axis of horse-power of the P and P,, 
curves. 

Now consider say four or five of the throttling curves which 
cut the P curve towards the lower end of its speed range. Let 
the intersections be at speeds V,, Vg, etc. 

Now let these same individual throttling curves cut the P, 
curve in points where the speeds are V.,, V4.2, etc., respectively. 

Now draw up a table in the following form, allowing for as 
many horizontal rows of figures as there are points to consider :— 


* For the method of making these see page 126. 
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» V ¥ 
Ni. Vr. na=(q) , qq}. T= o,+f. Altitude. 


It will be remembered that # = 161 and g = ‘839 for 
stationary engines, while # = ‘262 and g = ‘738 for rotary 
engines. 

Then fill up the first two columns with the values V,, Vg, etc., 
and V,,,, V.., etc., work out the next three columns, and then 
fill up the last column with the aid of the curve of page 104. 

Now plot altitude against V and note the maximum value 
of the altitude (which is the maximum ceiling) and the value of 
V at which it occurs (which is the Air Speed Indicator Reading 
at the ceiling). 


III. THROTTLED FLIGHT. 


Slowest Flying Speed.—The slowest flying speed is differ- 
ent from the landing speed on glide, already found on page 116. 
The slowest flying speed can be read directly off the machine 
performance curve if this has been found by the Third Method 
or the Fourth Method: if the curve has been plotted, the speed 
can be read off the plotting: if not it can be read off the V 
column for the case of A = I°0, see page III or page 114. If 
the minimum flying speed at an altitude is required, reference 
must be made to the plottings of P’ and P,,’ on V for that alti- 
tude, as the P.,’ curve sometimes cuts off the slowest part of the 
P’ curve at great heights. 

If the Third Method. or Fourth Method has not been used, 
the only thing is to work along the X = I'o line of the table of 
the Third Method till the V column is reached. 

Throttling Curves.—A set of throttling curves scribed on 
celluloid is constantly wanted in performance calculations. If 
these are not available they should therefore be made. ~ 


EE —— ae 
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Take a sheet of celluloid a little bigger than 12 inches by 
8 inches. It should be about 4 mm. to I mm. thick, since a 
moderate degree of flexibility is an advantage. Celluloid gener- 
ally has a pronounced camber: it is very rarely quite flat. Lay 
it down then hollow side downwards and scribe a line 12 inches 
long near the bottom: this is the speed axis; also a line 
8 inches long, at right angles to the first, near the right-hand 
side: this is the horse-power axis. 

Now lay the sheet (still hollow side downwards) on top of 
the curves of page 132, axis lying on axis, and having weighted 
it to hold it still, trace the curves (the squares are not wanted, 
of course) on to the celluloid with french curves and a scriber. 
A compass point (a coarse one, not a needle point), or better the 
point belonging to a set of trammels, will make a good scriber : 
the point should be quite sharp but not at a fine taper, and round, 
not like a knife blade. No difficulty will be found in making 
clear scratches on the celluloid with a “ghz pressure. 

The curves of page 132 will cover the right-hand bottom 
quarter of the celluloid. 

Then trace the curves of page 133 continuously with those 
already traced: they are the left-hand bottom quarter. 

Then trace page 134 (top right-hand corner) and page 135 
(top left-hand corner). 

The celluloid throttling curves are now ready for use. By 
the way, do not attempt to rub down the burr left by the scriber 
with any abrasive, as that would make the celluloid difficult to ~ 
see through. 

In use, of course, the celluloid sheet is turned hollow side up 
so that the scribed lines are right down on the paper, the curva- 
ture of the celluloid makes it easier to press it flat on the paper, 
the origin is at the bottom left-hand corner, the axis of speed is 
along the bottom and the axis of horse-power is along the left- 
hand side—as all our performance curves are plotted. 

Most designers plot performance curves, whether on inch or 
millimetre squared paper, on a moderate area, and so the 12 inch 
by 8 inch size of throttling curves will be all right (they can be 
used as they stand for performance curves plotted in any units, 
or any scales, and on paper divided on the English, Metric, or 
any system, by the way). 

If a designer is in the habit of plotting performance curves 
on a larger area of paper than 12 inches by 8 inches, however, 
and intends to continue his practice, he should first plot a family 
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of curves from the data of the tables of pages 130 and 131 
(plotting y upwards and + to the /ef?) on any scale he likes, and 
then trace them on to celluloid as described above. Such a large 
sheet can be used on small-plotted performance curves too, of 
course. 

The points in the tables which are printed in heavy type fall 
outside the general area of plotting, but will be useful in fixing 
the last part of the curves to which they refer. 

Consumption and Revolutions when Throttled.—At any 
altitude desired take the plotting of P’, P,’, and P,’ on V’ and lay 
the celluloid throttling curves over it with speed axis on speed 
axis and horse-power axis on horse-power axis. 

Between the minimum speed and the top speed a certain 
number of the throttling curves will cut the P’ curve: note the 
values of the speeds where the intersections take place and. call 
them V,’, V,', V;, etc. Note also V,., Vig, etc., and Vo vae 
etc., the speeds at the points where the same throttling curves 
cut the P,’ curve and the P,’ curve. 

Then construct a table in the following form, allowing for as 
many horizontal lines of figures as there are intersections on the 
P’ curve :— 


Next fill up the first three columns with the values V,’, V,’, 
etc., V,,,', Vy, etc., and V,,,’, V,,, etc., just determined. 

Then work out the other columns. 

o can be found for the altitude in question from the curve on 
page 104. 

p = ‘161 for stationary and ‘262 for rotary engines. 

Then a is the ratio of the consumption per hour to the full 
consumption in standard density air and @ is the ratio of the 
revolutions to the standard full revolutions. 

The same method can, of course, be used for standard density 


air. 
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Best Cruising Speed at any Given Altitude.—/x a calm.— 
Take the values of a and V’ from the table of page 128 and work 
out a column of 7 Plot this column against V’ and note the 
value of V’ which gives a minimum. 

This is the best cruising speed in a calm at the altitude in 
question, z.e. the speed at which the machine will fly most miles 
to the gallon. 

Against a Head Wind of v' Miles per Hour.—Somewhat as 


before, plot See. and note the value of V’ at which it isa 


minimum. 

This is the best cruising speed at the altitude against the 
wind v’. 

Doubtless it will be desired to repeat this operation for a 
range of wind speeds (some of them negative, ze. following 
winds), and for a range of altitudes. 


Best Cruising Altitude.— Find “ as above, plot it against 


“tba a 
V’ and note the minimum value of V" 


Repeat the work for a series of altitudes and plot the minimum 
a ‘ , ‘ ‘ 
values of vy’ against altitude. Then note the altitude at which 


this curve has a minimum. 
This is the best cruising altitude in a calm. 
The best cruising altitude against a head wind wv’ is got in the 
: : pee a 
same way, but using et instead of V" 

Cruising Range.—/x a Ca/m.—First determine the altitude. 
This is probably governed by considerations bearing on naviga- 
tion, the avoidance of inconvenience to passengers at high 
altitudes, or some such practical considerations. If not, take the 
best cruising altitude found above. This determines o from the 
curve of page 104. Then find the best cruising speed at this 
altitude as above, and call it V,’. 

Now refer to the plottings of P,’, P,’, and P’ on V’ for this 
altitude, and, with the throttling curves, find the values of V,,’ 
and V,’ corresponding to V’ = V,’ (this may involve interpolat- 
ing by eye between two of the throttling curves, but that is easy 
enough to do). 
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Axis of horse-power 
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Axis of hurse-power 
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Let W, be the total weight of the machine at the commence- 
ment of the flight (that is the value of W used in finding the 
machine performance curve) and let W be the weight of the 
machine when she has flown till her tanks are dry. 

p = ‘161 for stationary, and ‘262 for rotary engines. 

A is the full consumption of the engine in pounds per hour 
(not pounds per B.H.P. hour) in standard density air. 
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Then the cruising range in miles is 
2°303 Wo 
zh 


but to secure the full mileage, if W’ is the weight of the machine 
at any time during the trip, the machine must be flown at the 
speed in miles per hour, of 
, WwW’ 
V5 W, 
Against a Head Wind of v' Miles Per Hour.—First determine 
the altitude, either from practical considerations or, if these do 
not prevent it, by the preceding method for finding the best 
cruising altitude against the given wind. 
Now find V,’, V,’, and V,,’ for this altitude by a similar pro- 
cess to that used for the calm. 
Then a, w, and w, have the same values as above. 
Let x be the air miles to dry tanks, and ¢ the time in hours 
to dry tanks, then 


a 

b ae PV,."W, 
(a — pV" 

f= 0349n/Wo yt (Awe = a 
baV, 2 + /W,W 


the angle being in degrees. An ordinary table of tangents can 
be used to hunt up the angle in. 
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Then the cruising distance in miles is 
x-vi, 
but again, to secure the full mileage, the machine must be flown 


at a series of air speeds— 
WwW’ 
pets 
0 W, 


as W’ gradually decreases from W, to W. 

If the cruising revolutions are required, see Chapter V., 
page 59. | 

Examples.—For numerical examples illustrating the methods 
of this Chapter, see Chapter XIX., page 164, and Chapter 
XXIL, page 189, etc. 

Theory.—For theoretical explanations see Chapter V., 
page 35. | 


CHAPTER XIII. 
GROUND PERFORMANCE, 


Getting off a Deck.—Turn to the curve of P,, on V and decide 
on a speed about three-quarters of the estimated minimum flying 
speed : a reasonable guess will be near enough. Call this speed 
V miles per hour. Note the value of P.. in horse-power corre- 
sponding to this speed. Call it P,. Then 7 is defined as 


2. 
Pe at: 
| 12,070 y 


Now decide on the value of X for the run along the deck: 
this can be got from the model tests and the angle of incidence 
desired. This angle of incidence may be determined by practical 
considerations: if not, take the angle which gives minimum 
wing resistance. 

X, 4; max 5) Ry, Ro, W, d, S', L/D are all as defined on page 110. 


om I1‘4QNA, marl 
0762524, maxd Wa? 


K _ ‘001495aSR, 
L/D(Wa@? - aS’) 


wr as * 001495(R, + Ry) + 
12567 

a*V" 

b= /B+i1=+t. 


Now turn to the side view drawing of the machine and set it 
at the stalling angle (taken from model tests) so that the relative 
wind speed is now horizontal. 

From the centre of the propeller boss lay in a line aft and 
horizontal, whose length represents, on any convenient scale, the 
estimated minimum flying speed which is $V. 

Also measure off $4V aft along the propeller axis. 

Combine these two velocities by the parallelogram of velocities, 
and note the point A where the resultant meets the line joining 
the top and bottom leading edges of the machine. Also note 
the angle of this resultant to the wing chord. 

Now turn to the model tests and note the lift coefficient #,’ 
corresponding to this angle. 


B= 
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Then turn to the front-view drawing of the machine and 
mark the point A. Then with centre A and radius $d describe 
a circle. : | 

Now find S’, using this circle, in the same way as on page 
110 S’ was found, using the propeller circle. 


bt oe Ni 422W 
*  NEnakS — 8") + BE + OFS" 


Then the length run on the deck in feet to get off is 


r151W a B + Vw Vw al 

K (2 * 3) logio (3 + =) i (1 a 3) logo (3 - ) 
where VU» = 1°467V, 
and V,, is the speed of the head wind in miles per hour relative 
to the deck. 

Getting Off the Ground.— Using the same notation as above; 
excepting that V,, does not occur, the length of run to get off 
the ground in still air in feet is 

I‘I51W7. : B B 
—K [8 (ey w,) * loeie (a=, 


Landing on a Deck.— 


OZ OZSF, mas 

L/D 
R,, Re, &pmax and S having their usual significances, while 
L/D is the value corresponding to A = I'o, 

Vin is the slowest flying speed in miles per hour found on 
page 126. 

Then the length run along the deck in feet on landing is 

Wr |. shee MV gems Vis 

ak 303 log,, ee) = V,, | 
where V,, is the speed of the head wind in miles per hour relative 
to the deck. 

Landing on the Ground.—Let the effective coefficient of 
friction between the machine and the ground be yp, ze. wis the 
ratio of the ground resistance to the part of the weight of the 
machine borne by the ground when the machine is on her wheels 
and tail skid. 

V,, is the alighting speed in miles per hour; it is either the 
slowest flying speed found on page 126, or the landing speed 


K = ‘001495(R, + R,) + 
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on glide found on page 116, according to the type of landing 


used. 
K has the same value as for landing on a deck— 


_K _ 14°95 
7 A SY ey eee 
Then the length run in feet to pull up on landing in still 
air is— 


U151 | ( KV, ) 
a > \T4-95Wy 
but if a happens to be zero we must use instead for the length 
of landing run in feet— 
Vee 
29°Opm 
Examples.— For numerical examples illustrating the methods 
of this chapter, see Chapter XX., page 176. 
Theory.—For theoretical explanations see Chapter VIL, page 
61. 
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WATER PERFORMANCE. 


The Condition for Getting Off the Water.— When a Model 
Test has been Made Particularly for the Machine. —If the test re- 
sults are quoted in knots, first convert them to miles per hour 
by the formula 

Verrrmrv 
where V is a speed in knots and V is the same speed in miles 
per hour. 

If the results are given in the form of a table of values of F, 
the water resistance of the machine in pounds for a series of 
values of V, the speed in miles per hour, well and good. If, 
however, the results are given in the form of a table of values f 
the water resistance of the model in pounds for a series of values 
of v, the speed in miles per hour, we must first convert to F and 
V by the formule— 


FO 
and V= f oe 


where . is the linear ratio of dimensions of the machine to the 


model. 

Now the minimum flying speed has been used in making the 
model tests: let it be V, miles per hour and let the correspond- 
ing horse-power on the machine performance curve be P,. 

Now draw up a table in the following form, allowing for as 
many horizontal lines of figures as test speeds are available :— 


V VF V\3 VE 
Vv. F, P vw) ba egy: P a P (7 ) + —_—, 
( 375 ‘ona, 9.) 8 Agee 
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Then fill up the first two columns with the data in hand, 
work out the other columns, and plot P,,, the total water horse- 
power on V. Plot P,, on V on the same paper. 

If the curves do not cut, the machine will get off in a calm. 
If they do cut, she will not. The condition for getting off in a 
wind is easier than that for getting off in a calm, so it need not 
be considered. 

The point’ V,, P, is the last point on the P,, curve, of course. 

When a Special Model Test ts not Avatlable.—In this case 
the float system should have been designed geometrically similar 
to a known system, tests of which are available, and should be 
fixed on the machine at the same angle. 

With the same notation as before, let capital letters refer to 
the new design, italicised capitals to the full scale machine being 
copied from, and small letters to the model tests of the latter. - 

Then the similarity is only correct if, in addition to geometri- 
cally similar lines and identity of angular setting we have— 


77 Ni 
Ze W _ 


If a// these conditions are not fulfilled, the designer is work- 
ing in the dark, and can only rely on his judgment to determine 
if the machine will come off in a calm. There are cases on 
record where designers have so relied on their judgment and 
have been wrong. 

If, however, a// the above conditions are satisfied, and we 
have a table of fand v, we can convert it to a table of F and V 


by the formula— 
7-2 3 
spent 
and Vi= V0 


while if, instead, we have a table of F and V, we can convert it 
to a table of F and V by the formule— 


and v - ver. 


aa 


a ~we 
lad ate i Ve od ie 


wer i 


OE 
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Then in either case we can apply the same method as before 
to find the P,, curve and the getting off criterion. 

Examples.— For numerical examples illustrating the methods 
of this chapter, see Chapter XXI., page 179. 

Theory.—For theoretical explanations see Chapter VIL. 


page 71. 


PART III. 
ILLUSTRATIVE EXAMPLES. 


4 . oe 
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CHAPTER XV. 
BODY RESISTANCE. 


Example (1).—Reststance of a Fuselage.—Take the case of a 
fuselage whose maximum cross section is a rectangle, 26 inches 
wide by 36 inches deep, with an arched top rising 5 inches at 
the centre. 

First find the area of cross section by using a planimeter on 
the drawing of the cross section. This gives a@ = 7°07 square 
feet. 

. ¥ = 2°5 x 7°07 = 17°7 pounds at 100 miles per hour. 

The resistance of windscreen, cockpit, etc., is not included in 
the above. 

Example (2).— Resistance of a Nacelle.—Take a nacelle of 
the same cross section as above. Then (again, of course, ex- 
cluding windscreen, etc.) 

r= 7 x 7°07 = 49°5 pounds at 100 miles per hour. 

Example (3).—eszstance of an Engine Egg.—Takea circular 
egg of 43 inches diameter (such as would be used fora large 
stationary radial engine). Then, excluding the resistance of 
projecting cylinder heads or engine cooling louvres, since the area 
is 10°09 square feet, 

ry = 7 x 10°09 = 70°6 pounds at 100 miles per hour. 

Example (4).—Resztstance of a Flying Boat Hull, Including 
the Steps.—Consider the case of a flying boat hull whose maxi- 
mum cross section is an egg-shaped oval 3 feet 6 inches beam 
by 3 feet 11 inches deep; further we will suppose that the egg 
shape is not a very great departure from elliptical form, then we 
can save ourselves the trouble of using the planimeter by taking 
the elliptic formula 


a= 3°5 x 3°9018 x ; = 10°75 square feet. 


Therefore the resistance of the hull without cockpits or 
steps is 
I*3 x 10°75 = 14’0 pounds at 100 miles per hour. 
Now suppose that there are two steps, of which the front one 
has a maximum depth of 2 inches, and a beam of 4 feet, and the 
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back one a depth of 5 inches, and a beam of 1 foot 6 inches. 
We find, however, we suppose, that the steps project to form a 
wide “‘ mudguard,” so that the sum of the areas of the steps when 
found by the planimeter comes out at 1°79 square feet. 

We now turn to page 83 and refer to the formula ry = 29a 
there given. Therefore the resistance of the steps is 29 x 1°79 
= 51°9 pounds at 100 miles per hour. 

Therefore the resistance of the hull, including steps but with- 
out cockpit, etc., is given by 

¥ = 14'0 + 51°9 = 65'9 pounds at 100 miles per hour. 

Example (5).—Reststance of a Pontoon Float.—Consider a 
float 3 feet 6 inches beam by 2 feet 6 inches deep at the maxi- 
mum cross section. Then the maximum cross sectional area is 
8°75 square feet. 

-. = 6 x 8°75 = 52°5 pounds at 100 miles per hour. 

Example (6).— Resistance of a Complete Tail Unit.—Suppose 
the area of the tail plane plus elevators is 66 square feet and the 
area of the fin and rudder together is 21 square feet. Then the 
resistance of the complete tail unit is given by 

y= °78 x 66 + °58 x 21 = §1°S + 12°2 
= 63°7 pounds at 100 miles per hour. 

Example (7).—Resistance of Struts —Take the case of 20 
feet of strut 14 inches wide across the wind direction, 20 feet 
24 inches wide and 14 feet 1 inch wide. 

2. @= 30+ 50+ 14 = 94 inch-feet units. 

We will suppose that all the struts have cross sections geo- 
metrically similar to Fig. 1, page 149. 

First round off the tail a bit and we get Fig. 2. Note the 
fineness ratio of Fig. 2, which is 3°69. 

Then expand Fig. 2 to 4 inches by 1 inch and compare with 
shapes A and B of page 80. For convenience these shapes 
are repeated in Figs. 3 and 4 respectively, the position taken up 
by the traced contour being shown dotted. 

On considering Figs, 3 and 4, remembering that after all it 
is only tails that count, we conclude that the strut we are dealing 
with is 4 the way from shape B towards shape A. With this 
fact and the fineness ratio of 369, we get from the curve of 
page 80 

# = °268. 

.. ¥ = 94 x ‘268. = 25:2 pounds at 100 miles per hour. 

Example (8).—Jnterference of Struts.—Suppose that there 
are on each side of the machine a pair of struts 5 feet long, of 
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the same type of cross section as in example (7), side by side, 
with their centres 44 inches apart, the struts of each pair being, 
one I inch thick, and one 2 inches thick. 

Then as the shape is the same as in example (7), x is the 
same. 

. © = ‘268. 
Also the total area is a = 2 x 5(2 + 1) = 30inch-feet units. 
Now the centres distance divided by the mean width is 


4% _ 
14 + 
Therefore the correction is 1°194. Therefore the actual total 
resistance of the four struts is given by 
yr = 30 x ‘268 x I°194 = 9°6 pounds at 100 miles per hour. 
Example (9).—Resistance of Stream-line Wires.—Find the 
resistance of five stream-line wires of thread sizes } inch, } inch, 
3 inch, 2 inch, and 2 inch respectively, and lengths 100, 95, 75, 
70, and 68 inches respectively. 


l. d', 250d’. 1l+250d’. | *o25d'(1+ 250d’). 
I cere) } 62°5 162°5 I‘or 
95 + 62°5 157°5 "99 
75 g 93°7 168°7 1°58 
70 % 93°7 163°7 1°53 
68 3 93°7 161°7 1°52 
Total r = 6°6 


Therefore the resistance of the batch is given by 
y = 6°6 pounds at 100 miles per hour. 

Example (10).— Resistance of Cable and Piano Wire.—Con- 
sider a batch consisting of a 10 cwt. cable 150 inches long, a 
20 cwt. cable 100 inches long, and a 10 gauge piano wire 50 
inches long. After looking up the diameters we find the resist- 
ances are— 

"26 x ‘115(150+ 200 x ‘I15)= 5°18 
‘26 x ‘150(100+ 200 x *I50)= 5°07 
‘21 x '128(50 + 300 x 128) = 2°38 


Total = 12°6 pounds at 100 miles per hour. 
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Example (11).— Resistance of Wheels.—Consider two 800 
by 150 wheels. Without fairing— 
v= 2 x ‘000184 x 800 x 150 = 44'2 pounds at 100 miles per hour. 
With shields to the rims only— 
¥=2 x ‘OOOII3 x 800 x 150 = 27°1 pounds at 100 miles per hour. 
While with the complete shields from tyre to tyre— 
r= 2 x ‘000062 x 800 x 150=14'9 pounds at 100 miles per hour. 
Example (12).—Resistance of a Cockpit.—Suppose the cock- 
pit is 2 feet wide and 3 feet long at the opening, then the resist- 
ance is given by 
yr = °7 x 24 = 16°8 pounds at 100 miles per hour. 
Example (13).—Reststance of a Windscreen.—Take a wind- 
screen 8 inches by 12 inches, then the resistance is given by 
y = 29 x = = 19°3 pounds at 100 miles per hour. 
Example (14).— Resistance of Engine Cylinders.—Take the 
case of a 9-cylinder stationary radial engine with the cylinders, 
which are six inches diameter over the gills, projecting 4 inches 
beyond the cowling, then the total area of cylinder can be taken 
asa =9Q x 4 x 4 = I°5 square feet. 
.. ¥ = 31 x I°5 = 46°5 pounds at 100 miles per hour. 
Example (15).—Line of Action of Body Resistance—Let us 
assume the following particulars : Take the top fuselage longeron 
as datum ; reckon a’s in inches and positive for parts above the 
longeron ; use the batches defined on page 83; let the values 
of a’s and &’s be as in the table :— 


~ Batch. R,, etc. ay, etc. a, Rt, , ete. 
(1) 30 +6 + 180 
(2) 13 — 48 — 624 
(3) 12 = 36 — 432 
(4) 107 — 10 — 1070 
(5) 21 ) Cp 
(6) 7 +14 + 98 

Total R = 190 Total — 1848 


Therefore the line of action of the body resistance is at a 
height above the top longeron of 
—- 1848 _ 
190 
z.é. it is 9°7 inches below the top longeron. 


— 9°7 inches, 
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CHAPTER XVI. 


WING CHARACTERISTICS. 


Example.—We will take an overall span of 36 feet, of which 
2 feet 6 inches is rounded off in plan at each tip: gap, 5 feet; 
chord, 6 feet; stagger, 3°; R.A.F. 15 section. We will take the 
model test data for this wing given on page 87. 


Then aspect ratio = | = 0; 
gapchord = § = 834; 
stagger = 3°; 
wing tip rounding = oD ae ‘417 of chord; . 


dimensions = 120. 
We can now fill up, with the aid of pages 88 to 97 the - 
following table :— 


Corrections for 
A. 
Aspect Wing | p; . Model }| Corrected 
Ratio, | Gap/Chord. | Stagger. | pip.” | Dimensions. | yi | ~ 7 ip, 
sf I°000 *980 I‘009 I°000 1°084 7°00 7°50 
"2 I*000 "930 I*009 1027 1026 12°59 12°45 
"3 I°000 "8905 1’°006 1°039 1°048 16°25 15°92 
"4 I‘000 843 I‘Oor I°052 t‘080 17°25 16°54 
5 I*000 "791 I*OOI 1068 1°065 16°75 15°06 
6 I*000 *780 997 1°048 r‘o16 15°33 13°10 
of I*000 “771 I*‘OOI 1081 I*031 14°59 12°55 
8 I*000 "753 I*OOr 1°081 1*009 13‘II 10°79 
‘9 1*000 *742 I*OOI 1°027 1*006 11°65 8°94 
I'o 1*000 "742 I‘OOI I°Ir5 I*000 7°47 6°19 
Remax | 1°000 “908 1°006 "993 I°025 *513 "4770 


The figures in the last column are now in the form required 
for use in machine performance calculations. 
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CHAPTER XVII. 


PROPELLER PERFORMANCE CURVES. 


Example (1).— Diameter of a Two-bladed Propeller.— 


Suppose H = 360, 
| MN, = 1100, 
Vo — 80, 
4 
a= 10,000 | — : = 162 inches. 
53°5 x I100* x 80 
Example (2).—Dzameter of a Four-bladed Propeller.— 
Suppose H = 360, 
M%. = 1100, 
Vo = 80, 
Sree : 360 oF 2 
_ a= 10,0004/ — Soa cr Bo 135 inches. 


Example (3).—Propeller Performance Curves in Standard 
Density Air.— 


Suppose V, = 80, 
a ES 
Ny —_— I 100, 
H = 360, 
80 
ee = ‘000538. 
IIOO x 135 
3 
Vv," Ny Nee Vv. ia. ea 
"4 "400 "435 32 144 156 
6 "540 "592 48 194 213 
8 "643 "694 64 233 250 
I‘o *740 "740 : 80 266 266 
1°2 *803 *723 96 289 260 
I*4 "855 "650 112 308 234 
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The curves of P,, and P,, on V as a base will be found plotted 
on page 170 in connection with another example. 

Example (4).—FPerformance of the Same Propeller at 10,000, 
20,000, 30,000, avd 40,000 feet. 

The engine being a stationary one, p = ‘161 and g = ‘839, 
therefore we can draw up the following tables :— 


Altitude, v. op. o, = ~ z 
10,000 *740 579 ‘6go 
20,000 "530 "369 "440 
30,000 *368 *207 *248 
40,000 *242 ‘o81 "0965 
Altitude. 10,000. 20,000. 30,000. 40,000, 
V P, Vv’ P,’. | Vv’ Py. Wd OPE Vv’. P,’. 
32 144 30°9 g6 29°2 58 26°3 29 20°2 9 


II2 308 108°1 205 To2"°0 | 123 | QI'g 62 70°7 19 
Altitude. 10,000, 20,000, 30,C00 40,000 

V Pr. Vv’ ied Vv". why Vv’ Pe Vv’ PP.’ 
32 156 32 115 32 83 32 57 32 38 
48 213 48 157 48 II3 48 78 48 51 
64 250 64 185 64 132 64 92 64 60 
80 266 80 197 80 141 80 98 80 64 
96 260 96 192 96 138 96 96 96 63 

II2 234 112 173 112 124 II2 86 112 57 
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CHAPTER XVIII. 
MACHINE PERFORMANCE CURVE. 


Example (1).—7his Example shows the First Method of Obtain- 
ing a Machine Performance Curve.— 


Suppose W = 5700, 


196 x 5700 
S = 605, Oe ae Vhs 2725, 
695 x "590 
Memes = °590, 
= ra 510 xX 2725 ot 
R + 5 10, B ah I of aire 39. 
Ww B W B la VT 
e i e —e nae — = aa i — =e geet 
7 ep L/D ea that By taps 1 \/ Mullet aes 
"I 6°42 888 1390 2278 165°0 1002 
*2 II*4I 499 695 1194 116°7 372 
o 15°65 364 463 827 95°4 210 
"4 17°63 | 323 347 670 82°6 148 
5 16°15 353 278 631. 73°9 124 
6 13°81 413 232 645 67°4 116 
es 13°03 437 199 636 62°4 106 
8 11°33 503 174 677 58'4 105 
9 9°64 591 154 745 55°0 109 
I’o 8°05 708 139 847 52°2 118 


The values of P and V are plotted on page 157, and the full 
line curve is drawn through them, the opportunity being taken to 
fair the curve slightly where the points are irregular. 
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Example (2).—7%zs Example shows the Second Method.— 


Suppose W = 5760, a ree: 
S = 695, 695 x ‘590 
Ke maz = *590, B = 310 Seeee = 139, 
1%. | 
R= ‘s10, 
| 14 
c= 7, y Ms ca = 2, 
f= 14, nee 161 _ 2 
l’ = 16°, 7 
W | B Wes L/W eV L/W 
cS L/w=—” CHE Laie Pat 1S Pa oe P= 
a. |L/D.| ke, |B-#e.|LW=s | oo.) S fem t od a. ote 
*r | 6°42) *650| r°650 I‘*212 888 | 1390 2278 1818 1337 
"2 | II"4I|*450| 1°850 1‘o81 499 | 695 I194 I2I"4 418 
"3. | 15°65 | °377| 1°923 1°040 364 | 463 827 97°2 223 
"4 | 17°63 |°341) T'959 r’o2r 323 | 347 670 83°5 152 
*5 | 16°15 |*319| r°g8r I‘oro 353 | 278 631 74°3 126 
*6 | 13°81} *302| 1*g98 I’Oor 413 | 232 645 67°5 116 
*7 | 13°03 | ‘291 | 2°009 *996 437 | 199 636 62°3 105 
*8 | 11°33 | °287)| 2°013 ‘994 503 | 174 677 58°2 104 
9 | 9°64) ‘280 2°020 *9g9t 59% | 154 745 54°8 108 
t‘o | 8'05|°276| 2°024 *998 708 | 139 847 51°8 116 


The values of P and V are plotted on page 157 and the curve 
of small dots is drawn through them, the opportunity being taken 


to fair the curve slightly where the points are irregular. 


For 


most of its length this curve is indistinguishable from the full 


line curve. 
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Example (3).—7%is Example Shows the Third Method.— 


Suppose W = 5700, FENG 7S * 138 
S = 695, 1o OSL oe ee 
S' = 95, = 9568, 
Rs max = *590, , tO 
R, = 135, b= gs aah 
R, = 375, 367 x 590 x9 
-€ = 7) c= 7 2 atu: 
phn d’ = "0051 x 590 x 695 = 2°09, 
d = 150, an , sf Kies 
: ~ "9568 x 2°09 + O51 x ‘914 
5700 5700 
~ 2°00 +4047 2°47 2784, 
oe 
ji Soge a ’ 
16°1 
d= —=2 
- 3 


Now see table on next page. 

The values of P and V are plotted on page 157, and the 
chain dotted curve is drawn through them, the opportunity being 
taken to fair the curve slightly where the points are irregular. 
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€or Z.Qh obz. gg6. $Z0.% glz. | So.g 
FoI £.18 Lie. 166, 020.2 ogz. | $9.6 
zol g.SS ber. +66. £10.z2 Lgz. | €€.11 
Col 0.09 ogi. 966. 600.2 16z. | €0.€1 
bir z.S9Q TEx. 100.1 966.1 zoe. | 19.€1 
Sz z.cL 6z1. O10.1 196.1 61€. | S1.91 
zSI g.1g gil. 1Z0.1 6$6.1 rve. | €9.L1 
€zz z.S6 €€x. obo, €z6.1 LLE. | Sg.Sx 
61+ 0.611 €gi. Igo.1 o$¢g.1 oSb. | 1¥.11 
zLer L.6L1 gee. Z1z.1 oSg.1 oSg. | zh.g 
@SLe : Re alt 94 ~Q ‘ 
=a | “M/TOPN =A s oon sy-g | toy | * 
ea) MLE 7 Z =MI/1 4 | ‘a/T 
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Example (4).—7his Example Shows the Fourth Method.— 


Suppose W = 5700, 
S= 695, 
S = 95; 
Pe mina = *590, 
le 135, 
Rk, ne: 375; 
ihe Ts 
/ = 14, 
fm 16%, 
(4 = TO, 
hy = 2°5, 
hy sd I, 


Now see table on next page. 


The values of P and V are plotted on page 157, and the 
curve of short dashes is drawn through them, the opportunity 
being taken to fair the curve slightly where the points are 
irregular. For most of its length this curve is indistinguishable 


from the chain dotted curve. 


7°2 X 135 

Get OtmeE tee 
= 9568, 

Sa 

esac: ks « 


67 x 590 x° 
ree : ae Pee Dia, 
d' ="OO5I x ‘$90 x 695 = 2°00, 
a= 5700 x 14 = 79800, 
B='9568 x 2:009+ "O51 x ‘914 

= 2°00 + ‘047 = 2'047, 
A’ = 2°047 x 16°I = 32°93, 
B’ = 2047 x 7= 14°32, 
C’ = 2°5 x ‘O51 = "1275, 

D’ = 2°5 x 2°09 — I'°5 x 2°047, 
= 5°225 — 3:070=2'155. 


e 
: 
{ 
; 
: 
1 
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Example (5).—Given the machine performance curve in 
standard density atr, find the machine performance curve at 10,000, 
20,000, 30,000, avd 40,000 feet. 

The values of o at these altitudes are -740, *530, *368, and 
"242. 


Altitude. 10,000. 20,000. 30,000. 40,000, 


184°8 | 1492 | 215°0 | 1735 | 254°0 | 2050 | 304°9 | 2460 } 375°9 | 3033 
I21°'0 440 | 140°6 512 | 166°2 604 | 199°5 726 | 246°0 894 
96"4 23I | I12‘o 268 | 132°4 317 | 158°9 381 | 196'0 469 


82°3 155 95'8 180 } 113°0 213 | 135°5 256 | 167°2 315 
72°8 128 84°6 149 § 100°0 176 | 120°0 2Ir | 148°0 260 
65°8 II7 76°5 136 go"4 16m }| 108°5 193 | 133°7 238 


60°4 107 70°2 124 83°0 147 99°6 176 | 122°7 217 
55'9 104 65°0 121 76'8 143 Q2°2 I7I | 113°5 211 
52°0 106 60°4 123 71°4 145 85°7 I75 | 105°6 215 


48°6 106 56°5 123 66°8 145 80°2 175 98°8 215 


The five curves are all plotted on page 162. 
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CHAPTER XIX. 
AIR PERFORMANCE. 


I. GLIDING FLIGHT. 


Example (1).—Landing Speed on Glide: First Method.— 
Applying this method to the machine dealt with in examples 
(1) to (4), Chapter XVIII., page 155, we have— 


W = 5700, 
S = 695, 
he, nak = 590, 
6 
Vm Ve 7 oe = 522 miles per hour. 
While at an altitude of, say, 15,000 feet, where o = ‘630, 
Vi = Ni 5728 = 65°8 miles per hour. 


630 x 695 x “590 
Example (2).—Landing Speed on Glide: Second Method.— 
Again with the same machine— 


W = 5700, 

S = 695, 

humax = °590; 

{= 14, 

f= 16°!, 

c= 7, 

k, = ‘276 (for X = 1°), 

is 196 x 5700 x 14 = 51°8 miles per hour, 


695 x *59O0(16°1 — 7 x ‘276) 

and for the gliding landing speed in summer on a plateau in 
Mexico 6,000 feet above sea-level, allowing also for the relative 
air density correction (see footnote page 117) of 4,450 feet, 
we have to take o corresponding to 10,450 feet, te. o = °725. 


V' = J 196 x 5700 x 14 
725 x 695 x “590(I16°I — 7 x ‘276) 
= 60°9 miles per hour. 


Ai 
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Example (3).—Gl:ding Angle. —Taking the same machine 
again we have— 


R = 510, 
ge) 
k = ‘590 a= 5 = "02440 
Lmax 59 ’ 5 I x 590 x 695 5 
5 = 606. 
L/D. . —— Pes Beier fant 
A / = L/D tan 6 ~+ L/D" 
"I 6°42 _  *2440 *1558 "3998 
4 II‘4I *I220 0876 2096 
3 15°65 "0813 *0639 "1452 
*4 17°63 ‘0610 *0567 “E577 
+5 16°15 0488 "0619 *L107 
6 13°81 "0407 "0724 *II3Z3I 
7 13°03 *0349 0768 DS 8 iy 
8 II*33 "0305 0883 *1188 
‘9 9°64 "0271 "1038 *1309 
b age) 8°05 "0244 "1243 1487 


The value of tan @ (and also the value of V taken from 
example (1), Chapter XVIII, page 155) is ais on AX asa 
base on page 167. 

From this curve we get that the minimum value of tan @ is 
"1107 and occurs at a speed of about 74 miles per hour. 

Therefore the Air Speed Indicator reading for best glide in 
still air at any altitude is 74, and the tangent of the best gliding 
angle in still air at any altitude is ‘1107. 

Example (4).—Gliding in a Wind.—Taking once again the 
same machine and taking as the wind speeds to consider— 


v, = — 40 miles per hour, 
Vz = — 20, 
Us = 20, 
UV, = 49, 
we have— 
W = 5700, 
R. = 510, 
a = ‘02440 


ggSq. | gzz. | PLZ. | ofbz. | E19. | LZgf. | zlox. | Lg€.1| Lg€.— | 6€go. | #24.) HLLZ.—] Lx Gg.1t| o£.1b| g1o.r | gro. | Zgbr. | So.g | 0.1 
gash. | ggz. | z&Z. | ggoz. | bg. | g9f. | gS60. | ggf.1 | ggf.— | gSLo. | c€4.1/ z€Z.— |] 9.bS €¢.Z¢| ob.Z€| b10.1 | #10. | 60£1. | ¥9.6 | 6. 
gfge. | orf. | 069. | Srgt. | SSg. | SHE. | tego. | ShE.r | SHE.-— | Polo. .I | 069.— | o.gS zz.£f| O1.€€/ oro.1 | O10. | geri. | E£.11 | g. 
ob. | oS€. | bho. | gor. | glo. | zzf. | gbgo. | czf.1 | cz€.— | oggo. | bhg.1 | HHO. — I.z9 zo.6z| 16.gz| 6co.1 | 600. | 2111. | €o.€1 | Z. 
6ogz. | €or. | Z6S. | trox. | 10Z. | 66z. | zZgo. | 66z.1 | 66z.— }| goo. | 466.1} 46$.— ] 0.49 06.¢z| 6£.bz| go0.1 | goo. | 1£11. | 1g.€1 | 9. 
CEbz. | Sob. | SbS. | zeSx. | gz. | zlz. | rZg0. | elz.x| zlZz.— | LrZo. | SvS.1 | SbS.—] ¥.€2 Cl.oz| %g.0z| Loo.1 | Loo. | Zorr. | $1.91 | S. 
oofz. | z1S. | ggh. | gSSx. | oSL. | be. | gh6o. | bbz.1 | bhz.— | zOLo. | ggh.1 | ggh.— | 0.28 zg.g1| 0S.91| Loo.1 | Loo. | ZZr11. | €9.41 | ¥. 
zzSz. | ofS. | bzb. | beer. | gg. | ziz. | g6rx. | ziz.1 | z1z.— | ozoxr. | bzb.r| bzb.— | ¥.66 CS.z1| Ob.z1| 600.1 | 600. | zSbr. | $g.Sr | €. 
GEz€. | obo. | cSE. | bbSc. | bzg. | gli. | 1921. | g1.1 | gL1.— | OSSr. | zS€.1 | cSt. — ¢.€11 |oZ6.g |O9f.g | g10.1| gro. | g6oz. | 1¥.11 | z. 
orbs. | 6€Z. | r9z. | S6Sb. | o£g. | o€1. | SESE. | o€1.1 | o€1.— ] OLE. | 19z.1| 19z.— | z.€S1 | SOL.h |SSE.F | zgo.1 | zgo. | g66E. | zh. | 1. 
< 
I 
<= | air 
a — > 
s cs ct 7] oor m 
» iS S 5 R1> + a!l> e 
Ps ~ > = > = > - ” rls ms + o as 
we es w ~| bs Se 
II | <= II l <|.2 II | <3 ll | <i> Wi 2 = ae ris 6 5 5 r= > 
eee ere he Pe ee ie eS | | Se Sled Se ek 
Lote t ries Fs Wet ee Claisi} + | Sle| “2 
<2] <i <is|* <is!2 Sel eBook 
- = 
pp 
=] 
tl 


166 


AIR PERFORMANCE , 167 


90 
15 ] 
iN 
i\ 
> % 
*\ / 80 
\ ‘- I 
\ i d 
[2 : — 70 
\ q v ? 
\ SN / 
fen 6 - 60 
lan @ 7 ~~ 
Z ~ TW 
i - 
71] 50 
OE a ay. a RRR TES SRC, 
Xr 
3 ~ 
ec 
S i fantg 
—— —— <= 
2k 
Shnts 
by = 
lan¢ = a 
= lan Fo 
5d 8 ape me ~ lan, 
oO 
60 70 80 90 


V, miles per hour 


AEROPLANE PERFORMANCE CALCULATIONS 


168 


dnoy dad sajiu ‘a pun a 


= a 
02- OF OF O0G- 09- 


O09 OS OF Oo¢: O02 O/ QO °° Of- a 
SAN 2225 / @ up} 
\\QG0'0! 
0002 
sess \Q0002 
Ste 000+ 
=  . 
- - J 
€ Lo A \ = 
ie ZARWW00 De syepeate A 
‘g WVO000£ N O00 Ol 
iP os "A 000 02 0002 
7 0000! ‘ 0000 
7 DJEDUEIS 000+ OZ 
A pun f 
Pe — 
LL Pa 
4 p= ps } 
p% A AA RN 00006 08 
a Z 0000 
. y, WA \ 00002 
00001 
P4OPULZS 


AIR PERFORMANCE 169 


Altitude in Feet. 10,000. 20,000. 30,000. 40,000. 
V. Vv. tan #, v’. v’. v’. v’. 
62 — 40 ° ‘068 — 46°5 —55°0 — 66°0 —81"4 
63 —20 085 — 23°2 —27°5 — 33°0 — 40°7 
74 oO ‘III oO fe) fe) oO 
76 20 *I51 23°2 27°5 33°0 40°7 
SI 40 *230 46°5 55°0 660 814 


In this table the values of V and tan ® for v = oO are filled 
in from the immediately preceding piece of work: the remainder 
from the minima of the curves plotted on page 167, these curves 
being plotted from the data in the big table on page 166. 

The values of o for the altitudes in the table are *740, °530, 
*368, and ‘242. The last four columns are filled up from the 

v 
Jo 

V and tan ® are then plotted on a wind speed base on 
page 168. 

If desired they can be cross plotted on an altitude base by 
taking vertical sections at even intervals of wind speed. 


formula v’ = 


II. FULL POWER FLIGHT. 


Example (5).—Zop Speed.—Take the curves on page 170. 
The P curve is taken from example (1), Chapter XVIII, page 
155, and the P,, and P, curves are taken from example (3), 
Chapter XVII., page 153. 

In this case the intersection of the P curve with the P, curve 
is lower than the intersection of the P curve with the ‘cen curve. 
The first-mentioned intersection must therefore be taken: it 


gives— 


top speed = 102 miles per hour. 


For top speed at an altitude the procedure is the same, but 
the machine and propeller performance curves must be plotted 
for the altitude. 

Example (6).—Rate of Climb (First Approximation).—Using 
the same curves as in example (5) and noting that W = 5700 
for the machine they refer to, if we only require the maximum 
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value, we observe that it occurs where (P, — P) isa maximum. 
A measurement of the vertical distance between the P, and P 


curves shows at once that the maximum is at V = 71. 
248 - II ; 
. Chav = 33,000 4 e700 Bk 758 feet per minute. 


Also this maximum rate of climb occurs at a speed of 71 


miles per hour. 


Example (7).—Rate of Climb (Second Approximation).— 
Taking the same data as in example (6), and taking points at 


values of V of 5 


5, 60, 70, 80, and go :— 


WV WV 2/P,-—P 3S Pe 
v.|P,.| P. |P,+P.|P,—P. ies <2 
P presi e~ © *1375(Pp+ P)'| (375(Pp+P)J ‘TP, 4 P1375 ( te Pet P 
55 |2I12|109| 321 103 2°603 6°780 nF 6°459 
60 | 219 | 104} 323 115 2°823 7974 *356 7°618 
70 |246|)116| 362 130 2°940 8°646 *359 8°287 
80 | 266|141| 407 125 2°990 8°942 *307 8°635 
go | 264 |182| 446 82 37069 9°420 "184 9°236 
NE WV P,-P ea WV if. 4 P,-P Per 176Vx 
oR SE ee | 2, 
(375(Pp+P)) “Pea P| 375(P,+P) NW \375(P, +5 Po+P I+ 
2°541 "062 I'004 598 
2°760 "063 I'004 662 
2°880 “050 I*004 736 
2°939 “O51 I‘°003 716 
3°039 "030 I‘OOI 474 


The plotting of C on V (which there is no need to reproduce 


here) gives— 


Car = 744 feet per minute. 


Also this maximum rate of climb occurs at a speed of 74 


miles per hour. 


In using this method it must be remembered that even a 


twenty inch slide rule hardly gives the necessary accuracy. 
Therefore if the x column comes out with too few significant 
figures the work should be done with a table of logarithms. 
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Example (8).— Rate of Climb (Third Approximation).—Con- 
sidering again the same machine as before— 
S 5:85 (for the 135 inch propeller). 


Smad = *§00, 
jute a= 137,500 x 85 x “$90 455, 
135 
W = 5700. 
R, = 135. B= es = 0533. 


Now see table on next page. 

The curve of P, on V, as a base is plotted on page 170. 

Applying the method of the first approximation we find that 
the maximum value of P,, — P, occurs at a speed of 70 miles 
per hour. 1 


+ Cages AS 3000748 = 707 feet per minute. 


Also this maximum rate of climb occurs at a speed of 70 
miles per hour. 


Example (9).—7Zimes to Altitudes when the Curve of Rate 
of Climb on a Base of Altitude is not Approximately a Straight 
Line.— 

Suppose we have the following data :— 

C = 500 at standard altitude (z.e. at 800 feet). 

C’ = 385, 193, and 50, at 4000, 8000, and 10,000 feet 

respectively. 
I 
C 
time to, say, 7000 feet, we take the area under the curve from 
o to 7000 feet. 

This area equals 18°4 in a unit which is the product of one 
I 


I foot per minute climb 


Then we plot — and m= on an altitude base, and to get the 


foot of altitude and , 2.é. the unit is 


minutes, 
.. the time to 7000 feet is 18-4 minutes. 

Example (10).— 7zmes to Altitudes when the Curve of Rate of 
Climb zs Approximately Straight.— 

Suppose we have the following data :— 

C = 500 at 800 feet. 

C’ = 370, 193, and 100 respectively at 4000, 8000, and 
10,000 feet. 
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A straight line which approximates well to these on the 
plotting of C and C’ on altitude gives c = 535 and a, = 12,450. 
Then the time ¢ in minutes to, say, 9000 feet is given by 


2°303 x 12,450 1) ( 12,450 
535 ” \12,450 - 9000 


The plottings in this and the previous example are not given 
as they are\perfectly simple and ordinary. 

Example (11).—Cecing.—Taking the P and P, curves of 
page 170 and laying the celluloid throttling curves over them 
we take four values each of V and V,, using alternate throttling 
‘curves so as to cover a wide range. The throttling curves used 
are indicated in dotted curves on page 170. 

Suppose we are dealing with a stationary engine, then 
p = ‘161 and g = °839. 


tae ) = 29°9 minutes.. 


V \2 
V. Le = (y=) ‘ qo}. o=q0o, +f. Altitude. 
z 
551 73°4 "564 473 "534 14,800 
58°3 79°9 "533 "447 *608 16,000 
62°7 86°5 "526 "441 "602 16,400 
69°3 94°0 544 *456 "617 15,700 


The plotting of Altitude on V (which there is no need to give 
there) gives the maximum ceiling as 16,410 feet at an Air Speed 
Indicator Reading of 62. 


III. THROTTLED FLIGHT. 


Example (12).— Slowest Flying Speed.—Consider the machine 
performance curves plotted on page 157: curve (4) has been 
‘obtained by the Fourth Method, and therefore the slowest flying 
speed can be read off it directly : it is 484 miles per hour. 

Example (13).— Consumption and Revolutions when Throttled. 
—Take the case of standard density air, and work to the P, ig 
and P. curves plotted on page 170. A certain number of 
throttling curves are shown on the plotting: using these we 
proceed, for a stationary engine, for which p = ‘161 :— 


NN . 
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V \2 V \2 V\271V V 
Ve | Vee | Ve [= Aye) b+ - Ay) fe= [b+ (g-) hfe q- 
55°1 | 73°4 | 74°3 "473 "634 "470 742 
58°3 | 79°9 | 79 9 “447 ‘608 “443 730 
62°7 86°5 85°3 “441 ‘602 "443 "735 
69°3 | 94°0 | g1*4 "456 “617 "467 "758 


Other Examples.— The remaining methods of Chapter XII., 
page I16, are most conveniently exemplified in the course of the 
complete set of calculations for a typical machine which are 
For examples on Best: 
Cruising Speed, Best Cruising Altitude, and Cruising Range, 
therefore, see Chapter XXII., pages 197 and 204. 


given in Chapter XXII. page 182. 
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CHAPTER XxX. 


GROUND PERFORMANCE. 


Example (1).—Getting off a Deck.—Take the case of the machine 
dealt with in Chapter XVIII., examples (1), (2), (3), and (4), 
page 155, with the propeller dealt with in Chapter X VII., example 
(3), page 153. The machine performance curves are plotted on 
page 157, and from curve (1) we estimate as a reasonable guess 
V = 37. 

Now turn to the propeller performance curve which is plotted 
on page 170, from which we got P,, = 162. 


62 
_ f= 12,070 +2? = 52,860. 
37 


Now suppose that ’ = ‘4 is chosen for the run along the 
deck, then L/D = 17°63, 
. @= 11'4 x “4 x °590 x 52,860 = 142,300 
. K = 1001495 x 142,300 x 695 x 135 
5700 x 150% — 142,300 x 95 
07625 x ‘4 x ‘590 x 695 x 5700 x 150? 

17°63(5700 x 150° — 142,300 x 95) 

1,256 x 52,860 
150° x 37° 
b=,/210 +1 - 1 = ‘760. 

Now we turn to the figures of page 177 where the point A 
is found in the upper figure and also the inclination of the re- 
sultant to the wings: this inclination is 11°, giving #,’ = °536. 

From the lower figure, the total length of leading ‘eiges is 
104 feet, while the total length of leading edges in the circle is 
18°5 feet. 


+ ‘001495 x 510 


= 1'729 


B= = 2°10 


se oa 18°5 x 695 
104 
422 x 5700 66 
*590(695 — 123°6) + °536(1°76c)7123 6 


= 123°6 square feet. 


Um = 
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B kgf PEO STIG ©. 
1729 


Therefore the length run to get off in feet, supposing the 
ship is doing 32 miles per hour in a calm, so that V, = 32 and 


@_ = 1°407 x 32 = 46°09, is 


I 
' 
| 
' 
i 
i) 
‘| 
ty 
iy 
ty 
te 
uw 
u 
t 


eS ] 3 | it i 
16) 10 20 ie) 40 so 
Scale of M.P.H. 
regnleed Mlys ld lvl Feseg ie suet yell Seca tgs pligliprageye a lyitee Lt. Lm 
| ay ES ee et es a ee OS | 
Cire 220 -S 6-7-8 Oo. 0 
Scale of Feer. 
I'I51 x s70¢) f ee (pes + oS 
1°729 ( * 7750) 9" \i7s0 + 6606 
46°9 175°0 — 46°9 
I - | = _______ 
( ee) =e (ie ~ 566) |, 


which equals 23°7 feet run measured along the deck. 


I2 
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Example (2).—Getting off the Ground.—F¥or the same 

machine, the length run in still air in feet is 
I°I51 x 5700 1750 oS FFE 
1°729 | Hog (fag = 6%) * loge rr ‘oO — 66° a) 
= 258 feet. 

Example (3).—Landing on a Deck.—With the same ship 
speed and the same machine, R, + Ry, = 510, &, max = °590, 
S = 695, L/D = 8:05 when aA = I°0. 
07625 x ‘590 x 695 __, 

S08 = 4°646. 

The slowest flying speed has been worked out for the machine 
we are dealing with in example (12), Chapter XIX., Part IIL, 
page 174. 


. K = 001495 x 510 + 


“ ¥, — 48° 5- : - 
Also as before V, = 32°0. Therefore the length run on 
alighting, measured in feet along the deck is 
5700 | 48°5\ _ 48°5 — 32°0 
4°646 a so ts = 48°5 
Example (4).—Landing on the Ground.—Take the same 
machine landing on the ground in a calm, and assume that brakes 
on the wheels (if any) and tail skid friction on the ground are 
estimated by giving a value of ‘04 to yw. Suppose that the 


machine is flown, not glided, down to the landing, then again 
Vm = 48'5.. As before K = 4°646 
_ 4646 14°95 x 04 
5700 48°5° 
Then the length of run in feet, for the value of ~ assumed, is 


ers 4°646 x 48°57 Pm f 
‘000561 login 14°95 x 5700 x =, Beek 


i = 93'2 feet. 


= ‘000561. 
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CHAPTER XXI. 


WATER PERFORMANCE. 


Example.—7he Condition for Getting Off the Water.—Sup- 
pose we are considering a flying boat whose hull lines and 
angular setting have been copied from a certain tank test, and 
whose performance curve is curve (4) plotted on page 157 and 
whose propeller curves are given on page 170. 

Further suppose that the test made in the model tank has 
been issued in the following form :— 

“Full sized machine, total weight 10,000 pounds, getting- 
off speed 46°875 knots: resistances in pounds for the full sized 
machine at 10, 15, 20, 23, 26, and 29 knots are 900, 1350, 1720, 
1800, 1550, and 1300 respectively.” 

Our first care is to see if the necessary conditions of similarity 
are a// fulfilled. 

First, we must have geometrical similarity of the under water 
lines: we have already supposed that this condition is met. 

Secondly, the hull must be set at the same angle relative 
to the wings in our machine as in the prototype—this condition 
also we have met. 

Thirdly, we have to have 


Gr) = @) 


and we will suppose that in copying the old design we have been 
careful, of course, to meet this condition. 

Fourthly, we have the condition to meet that our getting-off 
speed divided by that of the prototype equals 


L/w 

ve = (@ 
Now the prototype’s getting-off speed is given as 46°875 
knots = 46°875 x 1151 miles per hour. Also we have 


W = 5700 and W = 10,000. Therefore our getting-off speed 
ought to be 


$ 
46°875 x 1151( oe) = 49°'2 miles per hour. 


10,000 


180 


AEROPLANE PERFORMANCE CALCULATIONS 


ee 


Pris 


400 


$ S S 


damod-asioy ‘Lg pun gq ‘My 


SO) 4O... 50 70 


20 


/0 


WATER PERFORMANCE 181 


Now actually our getting-off speed is 48°5 miles per hour, so 
we are quite near enough for practical purposes. 

Now I0, 15, 20, 23, 26, and 29 knots are equivalent to II°5, 
17°3, 23°0, 26°5, 29°9, and 33:4 miles per hour. Therefore we 
have, observing that | 


Zz W 10,000 
V. F. V. F, 
II’5 goo I0°5 513 
17°3 1350 15°7 770 
23°0 1720 20°9 980 
26°5 1800 24°I 1025 
29°9 1550 27°2 884 
33°4 1300 30°4 742 


Now with V, = 49°2 miles per hour (using this figure so as 
to correspond correctly to the model tests) we obtain P, = 107; 
then :— 


Vv \3 VF V\3 VF 

v. F. PF) Me Pu = P,( 5) reece 

‘AV, 375 \V,/) “375 
10°5 513 I I4 15 
15°7 77° 3 32 35 
20°9 g8o 8 55 63 
24°I 1025 13 66 79 
27°2 884 18 64 82 
30°4 741 25 60 85 


P.,, P, and P,, are plotted on V on page 180, from which we 
see that the machine will get off the water in a calm. 
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CHAPTER XXII. 


A TYPICAL MACHINE, 


General.—This Chapter contains the complete performance cal- 
culations of a particular machine, as it is hoped by that means 
to elucidate points which may be obscure in the other parts of 
the book. 

The machine we will deal with is illustrated by scale draw- 
ings on pages 184 and 185. The wing section is No. 64; the 
total weight is 6000 pounds made up as follows: structure in- 
cluding fuel tanks, engine mounting and cowling, instruments 
and all accessories, 2285 pounds; engine, 635 pounds; fuel 
(petrol and oil), 2400 pounds; cargo, 500 pounds; crew (pilot 
only), 180 pounds. The engine is a Dragonfly. As a designer 
will appreciate at once, such a machine is well adapted to be a 
long range carrier of special goods—on paper—but is open to 
serious criticisms for practical reasons: that, however, need not 
disturb us, as the machine is merely required to afford an example 
of a complete set of calculations. Other data about the machine 
will be given as they are required. 

Body Resistance.—We will first decide on a propeller 
diameter. The machine is loaded roughly 10°7 pounds per square 
foot and 17°65 pounds per B.H.P. so that on general grounds we 
may anticipate a top speed of the order of 100 miles per hour 
if the propeller was designed for top speed. 

The machine, however, is intended for a cruiser, and we will 
therefore suppose that the designer decides to have a 4-bladed 
propeller designed for 80 miles per hour. Then V, = 80 miles 
per hour and we get from page 99, taking H = 340 and 
i 1750, ; 


4 
340 
— 10,000V 55 x 1756° x 80 


Hence we get the propeller circle shown dotted on the front- 
view drawing of page 185. 

Parts in the Slip Stream.—¥rom a consideration of the pro- 
peller circle on the front-view drawing we get—with a little give 


= 106 inches. 
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and take—the following parts in the slip stream: fuselage, cock- 
pit, windscreen, tail skid, fin and rudder, just half the tail plane 
and elevators, all tail bracing wires, all centre section gap struts, 
all chassis wires, half the chassis struts, all centre section bracing 
wires, all centre section incidence wires, all tail unit control levers, 
and all tail unit control wires. 

We will now work out these items of resistance, putting a 
cross in the margin each time we arrive at a figure which will be 
required for later reference. 

The fuselage has a maximum cross section consisting of 
3 feet o inches x 4 feet 0 inches rectangular and a domed top 
I foot 3 inches high. 

— ad =.12 +260 = 140 
ety = 245 & 146 = 365 ; «A, ae) 

The struts on the list are 4 centre section gap struts 
I inch x 4 feet o inches, 4 of 2 front chassis struts 2 inches 
x 2 feet 3 inches in front view, 4 of 2 back chassis struts, 
1? inches x 2 feet 3 inches in front view, and 6 king-levers on 
the tail 1 inch average x 1 foot o inches. 

We will take it that all these struts are of R.A.F.4.z. section, 
z.e. section B, page 80, with fineness ratio 4. 

. @=4X1X44+4xX2xK2xK2'254+4xK2x 1°75 x2°25+0xIxI 
=16+4°5+ 3°94 +6= 30°44 ; 


and = “215 
a ty 30°44 % “ZEEE = GS sre Shaw) 
The cockpit is 1 a 6 inches wide. — 
Be TS a 32°61 ; cm bas) 


The ‘“xormal ane ” items consist of the windscreen, 
8 inches x 4 inches, and the tail skid, 6 inches x 2 inches. 
¢, Bete t+ hxi = "2222 ioe) "3055 


tye 2 xX "3055 = 89 ae OS) 
The fin and ee area is 18°4 square feet. 
58 x 184 = 10°7 . Sean a Os) 


The Zaz/l plane Se See area is 83°4 square feet, and we 

are dealing with half of it. 
§ . 

= 78 x 34 = 3255 Zee pa. CX) 

The wires in the list comprise 2 top front tail bracing wires 

#-inch stream-line 6 feet o inches long in front view, 6 other tail 

bracing wires }-inch stream-line 6 feet o inches long, 2 front 

chassis wires };-inch stream-line 4 feet 6 inches long, 2 back 

chassis wires ;-inch stream-line 4 feet 6 inches long in front 
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view, 4 centre section bracing wires }-inch stream-line 4 feet 
9 inches long, 4 centre section incidence wires 34-inch stream-line 
4 feet o inches long in front view, and 8 tail control wires 15 cwt. 
cable 3 feet o inches long in front view. Then observing that 
the diameter of 15 cwt. cable is ‘137 inches we have— 
"025 x °375(72 + 250 x °375) x2 
025 x '25(72 +250 x °25) x6 
025 x 688(54 + 250 x 688) x 2 
025 x °437(54 + 250 x 437) x2 
025 x ‘25(57 +250 x'25)x4 
025 x 5(48+250x°5) x4 
‘26 x *137(36 + 200 x *137) x8 
= 3114+5:05+7°78+ 3°57+2°994+ 864+ 18'05=49'2. (X) 
Hence we have 
R, = 36°55 +6°5+1264809+ 107 + 325 +49'2=157 “- (X) 
Parts Outside the Slip-Stream :— 
The Zaz/ plane, or rather the half of it outside the slip-stream, 
gives 


Y% 


++++ts i 


%, = 32°5 ; : ‘ . a 

The struts outside the slip stream are 2 front outer gap struts 

14 inches x 7 feet 6 inches, 2 back outer gap struts 12 inches 
x 7 feet 6 inches, 2 front inner gap struts 1% inches x 7 feet 
6 inches, 2 back inner gap struts I1¢ inches x 7 feet 6 inches, $ 
of 2 front chassis struts 2 inches x 2 feet 3 inches, 4 of 2 back 
chassis struts, 1? inches x 2 feet 3 inches, I axle 23 inches x 


5 feet 6 inches, and 4 aileron king-levers I inch average x 1 foot 


O inches. 
Taking all these struts also as R.A.F.4.z. section, 
Q@=2XU5 X75 +2 15375 X75 42x 1°875 x75 
+2xX175X754+4xX2xK 2x 2°254+4x2xKI°75 xX 2°25 
+1x2625x5°5+4xIxI 
= 22°5+ 206+ 28'1+ 26°3+4°5+3°9+144+4'°0 


= 124°3 
and r='215 
%_ =. £2453 KG sO : , ‘ : or 


The wzves outside the slip-stream are 4 outer incidence wires 
f-inch stream-line x 7 feet 6 inches, 4 inner incidence wires 
%-inch stream-line x 7 feet 6 inches, 2 front outer flying wires 
2-inch stream-line x 12 feet 4 inches, 2 back outer flying wires 
zs-inch stream-line x 12 feet 4 inches, 2 front outer weight 
wires j-iInch stream-line x I1 feet 7 inches, 2 back outer weight 
wires 4-inch stream-line x I1 feet 7 inches, 2 front inner flying 
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wires 4-inch stream-line x 10 feet I inch, 2 back inner flying wires 
ze-inch stream-line x 10 feet I inch, 2 front inner weight wires 
2-inch stream-line x 9 feet 7 inches, 2 back inner weight wires 
zs-inch stream-line x 9 feet 7 inches, and 4 aileron cables 
I5 cwt. x I foot o inches in front view. 
025 x *25(90+ 250 x °25) x4 
"025 x °375(90 + 250 x °375) x 4 
025 x °375(148 + 250 x °375) x 2 
025 x °312(148 + 250 x °312) x 2 
7025 x °25(139 +250 x‘25)x2 
"025 x '25(139+250 x°25)x2 
025 x ‘5(121++250x‘5)x2 
025 x °437(121 +250 x ‘437) x 2 
025 x °375(115 +250 x °375) x2 
025 x *312(115 +250 x °312) x2 
‘26 x °137(12 + 200 x ‘*137) x4 
= 3°94 + 6°89 + 4°53 43°53 4275242524615 
+5°04+ 3°91 + 3°02+5°40=47'5 . ‘ eee, | 
The wheels for a machine of this weight will be 2 wheels, 
900 x 200, and we will suppose them fully shielded. 
%_,= ‘000062 x 900 x 200x 2=22°3.. Aa tae) 
The “ flat plate” list includes 1°5 square feet for the shock 
absorbers and chassis fittings and 3 square feet for the ordinary 
wing fittings at the ends of the gap struts. 


25% 


++ttttt+tsts i 


. %g= 29 x 1°38 = §2°2 , eh Se 

Hence we have, on adding up, 
“8 = 32°56 + 26°74 47°54 22°34+52°2=I181 ue GR) 
and =157 ; : ath) 


it being spintediant to have R, ae R, together for future 
reference. 


Wing Characteristics.— Aspect Ratio = pa S = (X) 
Gap/chord = 7°. 0 a ah ee 

Stagger = 6° = Ge) 

Wing tips = Se 3 7. Oi en at 


Also if we take the data for No. 64 Wing Section from the 
tests quoted on page 87, 
Dimensions = 3 x 40 = 120. (X) 
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Corrections for 
7. Model } Corrected 
, , . L/D. L/D. 
ie Aspect Wing | Dimen- 
q Ratio. Gap / Chord. | Stagger. Tips. annie: 
“y *940 1°064 I°OI7 1000 1°084 5°75 6°33 
"2 "964 “991 rors 1°037 1°026 II‘20 11°58 
3 ‘981 "946 I°Or2 I°045 1'048 15°50 15°93 
*4 988 "904 I'004 I°050 r’080 17°80 18°09 
5 I°IIr "840 002 1°096 r°065 17°35 18°93 
6 I°I70 827 "996 r*062 r’°or6 16°20 16°85 
3 I°r70 "815 I°005 r’o7I I°O3I 14°80 15°65 
8 I°I70 "794 I°005 I°070 I°009 13°50 13°60 
9 I°I57 "785 I°005 I°037 1°006 12°20 rr-61r 
I’O I°IIL "785 I°005 I*r40 r°000 9°40 9°40 
Rimax | 1°003 955 rorr | 17028 1025 "617 "6295 


The last column contains the data for use in later work. 


Propeller Performance Curves.—We have already decided 
to use V) = 80, and found d = 106, also m) = 1750, 


j= wis = 000431 

1750 x 106 
V 
fy Nr Nr V; P, P, 
*4 "352 *370 32 120 126 
6 *487 “511 48 166 174 
8 *593 "614 64 202 209 
I"o "680 “680 80 231 231 
I'2 "745 *700 96 253 238 
I°4 °795 *674 112 270 229 


The above, of course, is for standard density air. 


Machine Performance Curve.—We will use the Variant of 
the Third Method. Then from data already quoted or found 
and from the drawing we obtain :— 


——O Oe 


= ee a 
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W = 6000. Pape Gacey Belen LRU, 


S Ae 1067 
vagy ge Sear Sat) Oe 
RE ag = a 2s 3:39; 
ey ’ 6 6 
pee ; ag ig coer “2 7 x 47 _ 992. 
“¥ ee ee d' = ‘OO51 x 6295 x 535 = 1°716. 
Pa ; 6000 
d = 100. a = 3805. 


= "900 x I°716 + 0338 x ‘992 


Now see table on next page. 

The above, of course, is for standard density air. 

Ceiling.—The curves for P,,, P,, and P on V just determined 
are plotted on page 192, and the throttling curves are plotted 
across them (the plotting of the throttling curves is only necessary 
in order that they may appear in print: in actually making such 
a calculation as this, one only has to lay the celluloid curves over 
the squared paper, of course). 


2 

V. Vr. , = (¥,) ; qo\. o = qo, + fp. Altitude. 

Vr 

55°2 66°1 "698 "586 ‘747 9,600 
56°5 69°0 671 563 "724 10,700 
57°9 72°0 "647 "543 °704 I1,500 
59°5 75°4 "623 "523 684 12,500 
61‘r 78°5 606 *508 669 13,100 
63°L 82°1 *5Q91 "496 657 13,700 
65°3 85°5 "583 489 "650 14,100 
68-1 89°2 "583 *489 *650 14,100 
712 | 92°8 "589 "494 "655 13,800 
75°0 96°8 | “601 504 665 13,300 
79°6 100°S 624 523 684 12,500 
86°3 104°9 | 677 *568 "729 10,500 
100°0 109‘0 | 841 "705 "866 51300 


The engine being a stationary one, g = ‘839, and p = ‘161, 
of course. 
Now V is the Air Speed Indicator reading for which the 
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Iz Liz. €gt. b£o. S6L. Sor. 006, ob.6 
III ogi. ghr. gto, c16. fgo. 000.1 19.11 
gor gol. gel. zo, zSo.1 €Lo. Cz1.1 0g.€1 
601 gSi. orl, gto. €ez.1 £go. Qgz.1 Gg.S1 
gII gS. zol. 9So. bb. 6So. 00S.1 $g.Q1 
1€1 6S1, 160, ggo. etZl1 zSo. 00g.1 £6.g1 
ggl 6L1, S60. Fgo. C61.z SSo. oSZ.z 60.91 
Lez IZz. gor. €1i. gt6.2 zgo. 000.£ €6.¢1 
gib Zrf. grr. 6901. bib.b ggo. 00S.b QS.11 
of11 609. 1Zz. gfe. Ebg.g LS1, 000.6 ££.9 
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corresponding altitude is the ceiling, therefore the actual speed 
V' is given by 


; ¥ 
V =-—= 
st 
Lake 
Altitude. a. V. Meas 

9,600 "747 55°2 63°9 
10,700 °724 56°5 66°5 
II,500 "704 57°9 69°I 
12,500 "684 59°5 72°0 
13,100 *669 GI°L 74°8 
13,700 "657 63°1 778 
14,100 "650 65°3 81°o 
14,100 "650 68° 84°5 
13,800 "655 71°2 88°0 
13,300 "665 75°0 g2°0 
12,500 . "684 79°6 96°3 
10,500 *729 le BBta IOI‘! 
5,300 *866 I00°0 107°5 


V’ is plotted against altitude of page 193, and what is ob- 
tained is really the curve of minimum speed under ful/ power 
and the curve of top speed on fw// torque: in order to obtain the 
curves of overall minimum speed, and overall maximum speed we 
must supplement these curves by the curve of minimum speed 
throttled, and the curve of top speed on full revolutions. 

Meanwhile we observe that the maximum altitude attain- 
able (what is ordinarily called the ‘“‘ceiling”) is 14,200 feet, 
and occurs at a true speed of 82 miles per hour. 

Top Speed and Minimum Speed at Altitudes.— The 
minimum speed throttled in standard density air is 55:0 miles 
per hour. Therefore the minimum speeds throttled at altitudes 
of 2,000, 4,000, 6,000, 8,000, 10,000, and 1 2,coo, where the values 
of o are ‘962, ‘900, *843, ‘788, ‘740, and ‘694 respectively are 
given by the formula 

V 
Jo 
as 50°1, 58'0, 59°9, 62°0, 64'0, and 66:0 respectively. 


Vox 


192 AEROPLANE PERFORMANCE CALCULATIONS 
S 
STS | y li] ee 
RN ih ie wiVal 
ASA N | 
N SS | 
NNT | S 
SER SSNS | = 
+11 | 
as E \ YU} S 
oe Sil ies \ = 
~N L\ . \ 
RT TK LN] YN 
~ S<] } 
it we \ i 2 NIN So 
Bi iia a o BE ©) . 
fs = Sh ESS 
KTS ae SIATN 
hed iy 3} N ~ Nios ° 
“S De P \ aay 
aay q \ “ln TS i @) 
Mt IN, TR +}. BAT \ 
NI IAT TSN XA AN AIREY 
ee py PR \ ’ 3 ele 
bi Bes \ _ oh ‘N 
sa \A\- VK R 
k Ly 
\ ' So 
\' © 
a it \NMACT 
me 
\ \ S 
\V\ » 
\ 
\ 
\ A\\\ 
\ ° 
+ 
\ 
N 
SoS 
» 
> 
N 
= 
is Abe Ps 
S f=) S 2 er 
y 3 4 S 


4amod-asioy ‘4g pun aq ‘4g ‘LY ‘d 


Vand V_ miles per hour 


193 


A TYPICAL MACHINE 


sajnNulyy OF 


OZ O/ O 
ajnuly 427 /202/009 00° 00% OOF ov02e OO on: 
Hd W Ol/ Oo/ 06 0g OZ O9 OS Ob OL Od O/ a 
| 
NLT 
ae 
> : 000'2 
li N Pf 
| 
000% 
| 
\ 
\ NS V4 000 ‘9 
5 | bi 
\ | 
A \ Ly 
\ ‘ 
its s so CHEERS gee 
Q \ Ps s 
1" : = 
t /i aT 000 ‘Ol 
CG ! 
\ % e r N 
A K 
IN ya \ ! 
W\ & 000 ZI 
\ + 
N F 4 
000 %/ 
i 9/ 


jaaf ‘apnzi2/y 


13 


194 AEROPLANE PERFORMANCE CALCULATIONS 


These speeds are plotted against altitude on page 193, 
remembering that 800 feet is the altitude for standard density 
air. The old low speed curve already plotted is produced if 
necessary to cut the new curve, and the new curve is drawn in 
from this point of intersection to ground level: the part of the 
new curve above the intersection is not required, so it is shown 
dotted. 

To find the top speed on full revolutions we have to find the 
performance curves at altitudes : we will do this at 2,000, 4,000, 
6,000, and 8,000 feet, where the values of o are ‘962, ‘900, ‘843, 
and ‘788 respectively. 

For the machine performance curves at the altitudes we get :— 


Altitude. 2,000, 4,000, 6,000, 8,000, 


118 75°4 120 78°'0 124 80°6 129 83°4 133 


68:2 Tog 69°6 III 71°9 II5 74°3 IIg 77°5 123 
63°2 108 64°4 IIo 66°6 II4 68°8 118 71'2 122 
59'0 III 60°2 II3 62°2 II7 64°2 I2I 6674 125 


55°0 121] 56°1 123 | 58°0 128 | 59°9 132] 62°0 136 


— >. 
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These are plotted on page 192. 
For the constant revolutions propeller performance curves at 
the altitudes we get :— 


Altitude. 2,000. 4,000. 6,000, 8,000. 

Vv’ = Ve Pr. Pe’. Pr’: Pr’. Pr’. 
32 126 121 113 106 99 

48 174 167 156 146 137 

64 209 201 188 176 164 

80 . 231 222 208 194 182 

96 238 229 214 200 187 
II2 229 220 206 193 180 


These also are plotted on page 192, and from the inter- 
sections of these curves with those of the previous table we find 
the top speed for full revolutions for standard density air, 2,000, 
4,000, 6,000, and 8,000 feet to be 1050, 105°0, 104°5, 103°6, and 
102°8 miles per hour respectively. 

On plotting these speeds on page 193 we see that we have 
not yet carried the investigation to high enough altitudes: we 
must therefore get our performance curves at 10,000 feet, where 
a = ‘740. 

For the machine performance curve we have velocities of 
213°0, 150°5, 122°7, 106°2, 94°8, 86°0, 79°3, 73°5, 68°6, and 64:0, 
corresponding to horse-powers of 1313, 484, 276, 193, 152, 137, 
127, 126, 129, and 141, and for the P,’ curve we have for velocites 
of 32, 48, 64, 80, 96, and 112, horse-powers of 93, 129, 154, 171, 
176, and 169. 
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Plotting these on page 192 we get a full revolutions top 
speed at 10,000 feet of 101°6 miles per hour. 

The curve of full revolutions top speed can now be plotted 
on page 193, but, of course, we only use the part of it below its 
intersection with the full torque top speed curve, while of the 
latter we only use the part above the intersection. 

This completes the plotting of minimum and maximum 
speeds at all altitudes up to the ceiling. 

Rate of Climb at all Altitudes.—For this purpose we 
require the curves of P,’, ze. the curves of P,,’ as well as those of 
P..’ which have already been found: we get :— 


Altitude. 2,000. 4,000, 6,000. 8,000, 10,000, 


32 |120 ] 31°9| 114 | 31°7| 105 | 31°4| 96 | 31:2] 87 | 30°9| 80 
8} 158 47°5| 146 47°I | 132 46°8 | rar 46°4 | 1II0 
64 | 202 | 63°8| 192 63°4| 177 | 62°8| 161 62°4| 147 | 61°8| 134 


80 | 231 | 79°7| 220 | 79°2| 203 | 78°6| 184 | 77°9)| 168 77°2| 154 
96 | 253 | 95°6| 241 95°0| 222 94°2 | 202 93°5 | 184 92°7| 168 
II2 |270 | 111°5 | 257 | 110°8 | 237 J II0‘O| 215 | Tog'o| 197 1o8'r | 180 


since for these altitudes the formula o, = — gives a, = ‘955, 


882, ‘813, "748, and ‘690. The above values of P,” are also 
plotted on page 192. 

Using the method of the First Approximation we observe 
that the rate of climb in feet per minute is given by 


2g P,-P 
C = 33,000-*—. 


We will therefore save time by scaling off the maximum value of 
P., — P only with dividers from the curves of page 192. Hence 
we get :— 
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Altitude. Pp — P. C= 5S (Pp = P). 
Standard. 103 567 
2,000 93 511 
4,000 78 429 
6,000 60 330 
8,000 43 +236 
10,000 30 165 


These are plotted on page 193. 

Times to all Altitudes.—The plotting of rate of climb on 
altitude is (at least up to 10,500 feet) a close approximation to 
the straight line which cuts the ground level line at 600 feet per 
minute and the “no climb” line at 13,600 feet. 

Therefore the time ¢ in minutes to the height a (up to 
10,500 feet at least) is given by 


—— ee logy, ( ay ) 


a, -a@ 


where c = 600 and a, = 13,600. 


- __13,600 _ 13,600 pa 2 1 13,600 A 
* ee | 13,600 - a log ea: ree 13,600 — a 


2,000 11,600 I°I72 06893 3°6 
4,000 9,600 1°417 "1514 79 
6,000 7,600 I°790 2529 13°2 
8,000 5,600 2°430 "3856 20° 
10,000 3,600 3°780 53775 30°L 


These times are plotted on page 193. 

Best Altitude for Cruising Against a Twenty Mile Wind. — 

First we must find the relative consumption a and also the 
quantity a) for a range of speeds and altitudes. 


p= ‘161. 


— 


= a, at — Ee _ ————— oa 4 


bolo. 0.0g o£e. Log. gol, C.For 0.601 0.001 
+600. £.99 ZZQ. ofl. 69S. €.101 6.For £.98 
£600. 9.65 gS. bgo. €zS. 6.46 g.001 9.62 
g600. 0.SS L£zS. £99. boS. 9. b6 g.96 0.$Z 
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L600. g.bZ zzl. Lgl. 9z0. 0. Lor 9.+6 
z600. 0.$9 009. goZ. crs, 0.001 0.£01 0. Sg 
€600. 0.6S oSS, £Lo. 21S. 9.96 9.96 0.62 
9600. 0.$¢ ofS, 099. 66+. +.£6 0.6 0.SZ 
ooro. ZIG brs, rSo. o6>. 1.06 0.16 z.1L 
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0600. +.bZ oLg. 112. ofS. z.001 g.001 +46 
0600. 9.49 Log. zLg. 11S, 0.26 0.46 9.Lg 
+600. +.£€9 €6S. 999. SoS. 9.£6 0.£6 +.£g 
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0600. C.0g zzl. gzl. LoS. €,101 C,101 C.001 
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Igo. b.bb gr. Lvl. ogs. z.LQ 0. bg +. +9 
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a 
V' - 20 
4000, 6000, 8000, and 10,000 feet minima of ‘0093, ‘0092, 
700905, ‘OO9I, ‘00895, and ‘0088. On plotting these minima 
against altitude we do not get a minimum, as the value is still 
getting smaller even at 10,000 feet. 

We have carried the investigation far enough, however, to 
show that with a head wind of even 20 miles per hour it pays to 
fly high. 

In the course of the above plottings we find that the best 
cruising speeds at the respective altitudes are about 82, 86, 88, 
90, 91, and 94 miles per hour respectively. The curves are not 
reproduced as they are of no special interest. 


Cruising Range against a Twenty Mile Head Wind at 
6000 Feet.—We see from the above that it will pay us to use 
V, = 90: then by interpolating on the 6000 foot table above 
we get V,’ = 101 and V,’ = 997. 

Also W, = 6000, W = 3600, f = ‘161 and we can take 
4 = 193, while at 6000 feet ¢ = *843. 


On plotting against V’ we get at standard, 2000, 


_ 103 * O82-% 908 7 ee 
“~~ 6000 x 99°77 x IOI? rade: 


‘I6I x LOI? x 6000 


and w = 3600 + Oia oe = 5385 
and Wy = 6009} 1 a ee = 7785. 
. ‘682 x 90 


= Bisbal (2255) = 2110 


~ "0001748 S10 5385 
"IOI x IOI? x 6000 
and b= Ny 682 x 00? == 42°25 
cr 0349,/6000 ».: {22 a 
~ 42°25 x ‘0001748 x gO 1785 + ./6000 x 3600 
= 26°65. 


Therefore the cruising range in miles is 
x - vt= 2110 — 20 x 2665 = 1577 miles. 

This figure, together with the other performance particulars 
already plotted on page 193, are all that are required in an 
ordinary case. Any other figures that may happen to be wanted 
can be got as explained in the earlier chapters. 
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INDEX. 


NOTE.—Page numbers in Part I. are printed in ordinary type, page numbers in 
Part II. in black type, and page numbers in Part III. in italics, 


CTION, line of, of body resistance, 


11, 83, 
Air density, climate effect, 117. 
— — relative, 104. 
— performance, 35, 116, 
Air-screw. See “ Propeller ”’ 
Alighting run on deck, 64, 139, 
— run on ground, 65, 139, 
Altitude, best cruising, 55, 129, 


— constant revolutions propeller 
at, 19, . 102, 

— — torque propeller curve at, 
17, 102, 
— engine power at, 16, 102, 
— flight at, 32, 318, 
— machine performance curve at, 
; 32, 115, 
— time to, 47, 125, 
— top speed at, ae 3945 


total body resistance at, 


II. 
Angle, gliding, 37;. 1979; 
— — ina wind, 38, 4118, 
— of attack, 6. 
Aspect ratio, 88. 
Axis, inclination of propeller, 

31, 138, 

EST cruising altitude, 

55, 129, 
— — speed, 55, 129, 
Boat, flying, getting off, 73, 141, 
— — hull, 9, 78, 
Bodies, large, 9, 78, 
Body resistance, B10 BM 
— — total, Io. 
— — —  ataltitudes, 11. 
— — —lineofaction, 11, 83, 
Bolas, H., ¥6; 1302; 

ABLES, 9, 79, 

Ceiling, 48, 125, 
Celluloid throttling curves, 

50, 126. 
Characteristics, wing, 13, 85, 
— — correcting, 14, 85, 


151, 


164, 


178. 
178. 
197. 
curve 
154, 


154, 
154, 
168, 


163. 
172, 
197, 
191. 


165, 
165, 


176. 


197. 
204. 
179. 
147. 
147. 
147, 
182. 


151. 


150. 


174, 
189. 


152, 
187. 
152, 
187. 


Circular cylinders, 10, 83, 1651. 
Climate effect on air density, 117. 
Climb, rate of, 42, ai, 169, 
196. 
— — — comparison of methods, 
47- 
Cockpits, Oy 625 2AaG 
Comparison of machine performance 
methods, 31. 


— — methods for rate of climb, 


47- 
Constant revolutions propeller curve at 


altitude, Ig, 102, 154. 
— torque propeller curve at altitude, 
17, 102, 154. 
Consumption throttled, 51, 128, 174. 
Correcting k,, 15. 
— wing characteristics, 14, 85, 152, 
187. 
Cruising altitude, best, 55, :29, 197. 
— range, 55, 1290, 7204. 
— speed, best, 55, 129, 204. 
Curve, constant revolutions propeller, at 
altitude, 19, 102, 154. 
— — torque propeller, at altitude, 
17, 102, 154. 
— machine performance, 
21, 107, 155. 
——-—  ataltitude, 32, 415, 163. 
— — — first method, 21, 107, 156. 
— — — fourth method, 
28, 112, 160. 
— — — second method, 
23, 108, 156. 
— — — third method, 25, 109, 158. 
—-— — — — variant, 112, 188. 
Curves, propeller. performance, 
16, 98, 1583, 
188. 
— throttling, 50, 126. 
Cylinders, circular, 10; a. + 161, 
— engine, IG; 68, 251, 
ECK, alighting on, 64, 139, 178. 
— getting off, 6x; #38, 276. 
Density, air, climate effect, 117. 
— — relative, 104. 
Diameter of propeller, 99, 158. 


16, 
Dimension effect, 3. 
Dimensions, 


96. 
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CONOMY. See * Cruising’’. Law, Froude’s, 72. 
Line of action of body resistance, 
Eftect of climate on air density, rr, 83, Joi0ue 
117. Long range cruising, 55, 129, 204. 
Efficiency of propellers, oj 
Egg, engine, Q, 147 
“Taal 9, 73" 148 ACHINE performance curve, 
Engine cylinders, IO, 3, 151 21, 107, 155, 
— egg, 9, 78, 147.|— — Curve at altitude, 32, 115, 163, 
— power at altitude, 16, 102, 154.|— — — comparison of methods, 
31. 
IN, ; 148.|— — — first method, 21, 107, 1565. 
% 78, — — — fourth method,28, a 160. 
First machine performance method, — — — second method, 
21, 107, 155. : 23, 108, 156. 
Flat plate, 10, @,:) dod) ee third method, 25, 109, 158. 
Flight at altitude, 32, 118, 168)\— 3 eee 112, 188, 
— full power, 40, 325, 169,.|— Tacing, 41, 21, 
— gliding, 35, 116, 164,|— typical, 182, 
— throttled, 50, 126, 174,| Method, machine performance curve, 
Float, model tests, . first, 21, 107, 155. 
— pontoon, 78, 148.|— — — — fourth, 28, 112, 160. 
Flying boat getting off, 73, 141, 179.|— ~ — — second, 23, 108, 156. 
sos mn, UT, 9, 98, IS = SS third, 25, 109, 158. 
— speed, slowest, 50, -126,. 174.) = variant, 112, 188. 
Fourth machine performance method, Methods, comparison of machine per- 
28, 112, 160.|__. formance, 3t- 
Froude’s law, 72. Mileage, cruising, 55, 129, 204. 
Full power flight, 40, 121, 169. pages: flying rat: oy ae ie 
: 147. | — Speed getting on, ’ ’ . 
eee at Oy Sermeae Model float tests, 71. . 
P/chor . — wing tests, 7: 
sh be ae Multiple propellers, 106. 
Getting off deck, 61, 138, 176. 
— — ground, 64, 139, 178. ACELLE 147. 
— — minimum, speed,69, 138, 176. N sarge Os ae < 
— — water, 73, 4, 179. 
Gliding angle, 37, 159, 20 
eee g: i ined: 38, 118, 165. VERALL propeller eee 
— flight, 35, 116, 164. er 
— landing speed, 35, 116, 164. 
Ground, alighting on, 65, 139, 178. ERFORMANCE, air, 
— getting off, 64, 139, 178. 35, 116, 164. 
— performance, 61, 138, 176.|— curve, machine, 21, 107, 155. — 
— — —ataltitude, 32, 4115, 163. 
EIGHT. See * Altitude”. — — — first method, 21, 107, 155. 
— — — fourth method, 
Hull, flying boat, 9, 78, 147. 2 112, 160. 
— — — second method, 
NCLINATION of propeller shaft, 23, 108, 156. 
31, 138, 176.|— — — third method, 25, 109, 158. 
Interference, 8, 79, 148.|— — — — — variant, 112, 188. 
— curves, propeller, 16, 98, 153, 
k., correcting, 15. 188. 
Knots, 73, 41, 179.|— ground, 61, 138, 176. 
— water, 7%, S41,> 0a 
ANDING on deck, 64, 139, 178.| Petty, G. E., 117. 
Plane, tail, 9, 78, 148. 
— on ground, 65, 139, 178.) Plates, flat, I0, 83, 151. 
— speed on glide, 35, 116, 164.| Pontoon float, 9, 78, 148. 
Large bodies, 9, 78, 147.) Power egg, 9, 78, 147. 
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Power engine, at altitude, 
16, 


40, 


154. 
169. 


102, 


— full, flight, 121, 


Propeller curve at altitude, constant re- 
volutions, 

19, 102, 154. 

—-—-—-— -—- torque, 17, 102, 154. 

— diameter, 46; ; 90,;- 1b: 
— efficiency, 100. 

— performance curves, 16, 98, 152, 

188. 

— shaft, inclination of, 31, 138, 176. 

— thrust at slow speed, 67, 138, 76. 
Propellers, multiple, 106. 
— racing, 105. 

— tandem, 106. 
Pusher nacelle, 9,: 78, 147. 
ACING machines, 41, I2I. 

— propellers, 105. 
Radiator resistance, t0, —- $3. 
Range, cruising, 55, 120, 204. 
Rate of climb, 42, 121, 169, 
196. 


— — — comparison of methods, 


Relative air density, 104. 
Resistance, body, 3, he 44%, 
— total,’ 67, 138, 176. 
— — body, 10. 

— — —at altitude, II. 

— — — lineofaction,11, 83, 41951. 


Revolutions, constant, propeller curve at 


altitude, Ig, 102, 154. 
— throttled, 51, 128, 174. 
Rudder, g, 78, 148. 
Run alighting on deck, 64, 139, 178. 
— — — ground, 69, 3:30, °178. 
— to get off deck, 6x; .135,.. 176. 
— — — — ground, 64, 139, 178. 
EA, getting off, 73, 41, 179. 
Seaplane float, 9, 78, 148. 
— getting off, 73, 41, 179. 
— hull, 9, 78, 147. 
Second machine performance curve 
method, 23, 108, 156. 
Shaft, inclination of propeller, 
ar) 128, 276. 
Shielding, i. Oe 
Slow speed, thrust at, 67, 138, 176. 
Slowest flying speed, 50, 126, 174. 
Speed, best cruising, 55, 129, 204. 
— landing, on glide, 35, 116, 164. 
— minimum getting off, 
69, 138, 176. 
— slow, thrust at, 67, 138, 176. 
— slowest flying, 50, 126, 174. 
— top, 40, 325, 169. 
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Speed, top, at altitude, 41, 4121, 191. 
Stagger, 90. 
Steps, 10, 83, 147. 
Stream-line wires, Oy" FO5..) 1505 
Struts, 9, 78, 148. 
Surfaces, tail, 9, 78, 148. 
Symbols, xv 
AIL plane, 9, 78, 148. 
— surfaces, 9, 78, 148. 
— unit, 9;° FS, 245: 
Tandem propellers, 106. 
Tests on model floats, 71. 
-—— — — wings, 78. 
Third machine performance’ curve 
method, 
25, 109, 158. 
—-—— — — variant, 112, 188. 
Throttled consumption, 51, 128, 174. 
— flight, 50, 126, 174. 
— revolutions, 51, 128, 174. 
Throttling curves, 50, 126. 
Thrust at slow speeds, 67, 138, 176. 
Time to altitude, 47; 3485 4225, 
197. 
Top speed, 40, 4121, 169. 
— — at altitude, ~ 4i,,.. 123%, 286 
Torque, constant, propeller curve at 
altitude, 17, 102, 154. 
Total body resistance, to. 
— — — ataltitude, 11. 
— — —lineofaction, 11, 83, 51. 
— resistance, 67, 138, 176. 
Tractor fuselage, 9, 98, 147. 
Typical machine, 182. 
9, 78, 148. 


U NIT, Tail, 


ARIANT on third method of 
machine performance curve, 
112, 
ATER, getting off, 
73, 41, 
— performance, 71, I4!i, 
Watts, H. C., 16, 25, 99. 
Wheels, to, 82, 
Wind, cruising in, 55, 136, 
— gliding in, 38, 118, 
Windscreen, 10; "Oa, 
Wing characteristics, 13, 85, 
— — correcting, 14, 85, 
— tips, 92, 
Wings, model tests on, 87. 
Wire, piano, 9, 82, 
— stream-line, 9; 
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